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Editorial comments 


About the articles 


K. W. HAMILTON Associate Editor 


Risuinn of space chimps to a set of con- 
ditioned reflexes, like the “education”’ of 
the “little brothers—the Proles’”’ in Or- 
well’s 1984, is pretty well systematized. 
But how do you teach youngsters to cre- 
ate, to invent, or even to observe and in- 
vestigate as do the comparatively small 
number of really productive people in the 
frontier areas of our culture? 

Specifically, how do we who teach arith- 
metic help to produce some mathemati- 
cians along with the great horde of book- 
keepers, public and private, which our 
economy demands? 

We recognize occasional talented stu- 
dents, but how many more might emerge 
from the mass if given different experi- 
ences and stimulation? The task of pro- 
viding these experiences is not so well 
understood as that of establishing condi- 
tioned reflexes. A Russian provided the 
classic experiment in conditioning sixty 
years ago. Should we wait for the Russians 
to lead again? 

Lansdown and Hohn, who provide us 
with the two leading articles this month, 
present some philosophical discussions of 
the problem and some suggestions, both for 
teacher preparation and for classroom ac- 
tivity. Articles by Heard, Driscoll, and 
Jackson extend the scope of suggested 
activities in several directions and at 
lower-, middle-, and upper-grade levels. 

The critical element in any of these sug- 
gested activities is the teacher, a mathe- 
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matics-minded teacher in a situation free 
enough to allow pursuit of knowledge for 
knowledge’s sake and able to enjoy both 
children and ideas as they develop. After 
you have read the first two articles, browse 
for your particular grade interest. Then 
try to imagine your own teacher in fourth 
grade, as described by Driscoll, exploring 
a general idea just to explain a few ques- 
tions. Why, the children didn’t even know 
there were such questions, to say nothing 
of the answers, until she led them on! 

Or, try your imagination on some upper- 
grade classrom of five to fifty years ago. 
Can’t you just feel the guilt building up 
at the waste of time on the properties of 
number, as described by Jackson, when 
the time could be spent in multiplying and 
dividing decimal fractions? 

And, as one of the ways to provide the 
necessary free situation for the able 
teacher, the final group of three articles 
give reports on several aspects of the re- 
cently revived question of homogeneous 
grouping. McLaughlin’s account of care- 
ful organization and promotion and his 
tabulation of results should be of help to 
anyone interested in starting such a pro- 
gram. Pinney’s report displays some evi- 
dence which may help to convince the 
doubters that it might be worth trying, 
and Lerch reviews some of the literature 
on attitudes possessed by or developed by 
students subjected to homogeneous group- 
ing. 


] 
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Poeta fit non nascitur 


Creating mathematicians* 


BRENDA LANSDOWN Brooklyn College, New York, New York 


Dr. Lansdown is assistant professor in the Department of Education 


at Brooklyn College. 


Mach foundation and industrial money 
is spent on searching out existing talent. 
Perhaps a more democratic approach to 
conserving our national intellectual re- 
sources is to take the view that we can 
create talent. 


Viewing creation as 
a projection of personality 


One creates only in one’s own image. 
The created object is in some measure a 
projection of one’s personality. For this 
reason, we can always distinguish a paint- 
ing by Van Gogh from one by Mondrian. 
To create mathematicians in the elemen- 
tary, or even in the nursery school, the 
teacher should be a mathematician or at 
least mathematics-minded as it is defined 
later in this article. However, elementary- 
school teachers cannot be converted into 
mathematicians by the usual ‘“‘methods 
instructors” in departments or schools of 
education. They need the touch of real 
mathematicians from the mathematics de- 
partments of liberal arts colleges. 

Here the analogy of the painter must be 
modified. The painter begins his creating 
with inert, standardized materials. When 
a teacher sets out to create a type of per- 
son, the material has already been worked 
on both by heredity and environment; 
the personality is formed in some of its 
basic patterns by the age of seven accord- 


*From New York State Mathematics Teachers Journal, 
June 1960. 
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ing to the major schools of psychology. 
Does this mean that the mathematician is 
made or marred by the time a child enters 
school? Margaret Mead, in a speech to the 
national convention of the National Sci- 
ence Teachers Association in Denver, 
Colorado, 1958, suggested that mathe- 
matics ability can be founded in the 
nursery-school years. But it has never 
been established that there is a gene for 
mathematics nor that the ability to per- 
form well in the field is finally deter- 
mined before the child has learned any 
mathematics at all. It is the thesis of this 
article that many more children can be 
trained in mathematics-mindedness than 
have ever been so far; that many of these 
so trained can become mathematicians; 
that the role played (unwittingly) by 
countless numbers of elementary-school 
teachers is to crush from the potential 
mathematician all desire to cope with 
number relations chiefly because the 
teacher cannot cope with them. This 
does not say that the elementary-school 
teachers cannot juggle the symbols around 
and create children who become skilled in 
finding answers by the the dot-and-carry- 
one routine. Unfortunately, those who 
succeed in this kind of virtuosity tend to 
like arithmetic (as presented in many 
textbooks) and to carry on similarly in the 
higher grades. 

Not every child can become a mathe- 
matician. Of course one excludes the brain- 
injured child whose raw material will for- 
ever prevent him from gaining a Nobel 
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prize in theoretical physics. Who knows, 
however, how many children within the 
average range of educability become 
mathophobes instead of mathophiles? This 
is largely an emotional problem whereby 
fears and experiences of frustration and 
failure have been attached to the arith- 
metic lessons and thereby to number rela- 
tions in general. In large measure, this 
attitude is due to the teacher who cannot 
enter into the specialized thinking of 
mathematics, but considers number rela- 
tions as an ogre to be placated instead of 
controlled. 


Mathematics and personality 

Is there a special personality needed for 
the career of mathematician? The litera- 
ture, although sparse, would indicate that 
there is. A summary of the researches in 
this area by Super and Bachrach! suggests: 
The personality structure of the mathematician 
seems to be that of an objective, cold, and com- 
petitive individual in his interpersonal relations, 
with relative freedom from anxiety and little 
affect. At the same time the mathematician is 


normal in his social contacts, he is not an ec- 
centric. 


On the other hand, in a long-range study 
at Brooklyn College, sparked by Professor 
Carleton Washburne and conducted by 
Professor Louis M. Heil, it is becoming 
evident that the student who is successful 
in his mathematics studies is a person 
characterized by turbulence both in feel- 
ings and thought. He can tolerate and 
even prefers disorder. He accepts his own 
impulses, expresses his aggression verbally 
and is nonaccepting of authority figures. 
Such a person, whom we have called the 
A-type, does not produce the best results 
as a teacher for most types of young 
children. The best elementary-school- 
teacher personality, according to the same 
study, is that of a person who has a great 
deal of self-control, a strong achievement 
drive (which is communicated to the 
children), who accepts children’s feelings 
while repressing his own. He is low in ver- 
bal aggression, likes to have things well 
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organized and running smoothly, and is 
somewhat submissive to authority figures. 
We have called this personality the B- 
type. The B-type teacher not only gets 
the highest achievement from his children 
(when ethnic factors and socio-economic 
class are controlled), but reduces anxiety 
in his pupils and creates an atmosphere 
where the children tend to accept each 
other. It seems that all types of children 
learn well under the B-type teacher, and 
we must assume that the learning in 
mathematics is no exception. The prob- 
lem then becomes: what kind of mathe- 
matics will be taught? 


The dilemma— 
who should teach mathematics? 


If it takes a mathematician to create a 
mathematician, which is our assumption, 
but the personality of the mathematician 
is not that which produces the best learn- 
ing climate for elementary-school children, 
what then can be done? At Brooklyn 
College, we think we have found the 
bridge, the bridge between the mathe- 
maticians’ special subject area and the 
personality which flourishes in it, and the 
psychology of the elementary-school child. 
We do not need a mathematician to 
create embryo mathematicians, but we 
need a teacher who is mathematics- 
minded. We hold that mathematics- 
mindedness can be trained or fostered in 
any type of personality. Hence we can 
train the elementary-school teacher to 
think mathematically, and he can pass on 
this ability to the various types of children 
in his classes. The B-type teacher will pass 
it on best. 


What mathematics-mindedness means 


Mathematics-mindedness, as we see it, 
is, for one thing, the ability to have math- 
ematics concepts under one’s control, to be 
able to apply concepts in various situa- 
tions, to be able to envisage possible an- 
swers to problems without having to do 
all the 


calculations, to understand te 
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axiom-postulate system upon. which 
mathematics is built. As an example of the 
lack of mathematics-mindedness we can 
cite our average education major who 
conceives multiplying by ten as adding a 
zero, leaving a space, putting down a dot, 
or going through the routine of applying 
the tens’ table. We should prefer a student 
who conceives of multiplying by the base 
number in any number system as endow- 
ing each numeral with the value it would 
have if it were moved one place to the left. 
We would like to have our education 
graduates feel at home in three-dimen- 
sional space concepts. They should be 
able to imagine the plane of the elliptical 
orbit of a man-made satellite cutting the 
earth in a great circle, instead of confining 
themselves to the homaloidal world of pen- 
cil mark and paper. 

Such outcomes of conceptual thinking 
might be expected from students who have 
taken well-planned courses in a college 
mathematics department. This, however, 
is not the case for many nonmathematics 
majors. A student coming through the 
nonmathematics-minded teaching of the 
lower grades is shattered by the thinking 
of the college mathematics teacher. He is 
left far behind the finer or most pertinent 
offerings of the course, whereas the real 
mathematician may follow along joyously. 


One solution: a special course 
for elementary-school teachers 


What is needed, we decided, after six 
months of committee meetings by repre- 
sentatives from both the departments of 
education and mathematics, is a special 
noncredit course for elementary-educa- 
tion majors, given by the mathematics 
department but geared to the outcomes 
presented by the education department. 
The course will be heavy on concepts, and 
light on higher-level problem-solving. It 
will teach basic mathematics principles, 
the axiom-postulate system, and help the 
student apply these to various fields. It 
will present the ideas embodied in the 
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theory of sets and in the principles of 
variously based number systems. It will 
help the student approach a problem from 
a Gestalt viewpoint, to recenter his per- 
ception instead of wading through oceans 
of calculations which may not lead to a 
solution because of technical errors. Ele- 
mentary-school teachers have found con- 
siderable inspiration from the Gestalt ap- 
proach of Max Wertheimer’s little book 
called Productive Thinking.* Can mathe- 
maticians convey these ideas to the B- 
type personality? We believe that on the 
adult level they can. 

To find out which of our students at 
Brooklyn College need such a special 
course we have prepared and administered 
a ‘“‘Mathematics Competency Test’? in 
which the questions are so phrased that 
they cannot be answered by an algorism 
reflex. For instance, we use bead-frame 
diagrams to probe concepts of multiplying 
in number systems based on two and five. 
For the many students at present who 
cannot think in these terms, the course 
mentioned above is being prepared. For 
students needing less help, but who still 
need to improve their thinking in the field 
of mathematics as revealed by the Com- 
petency Test, we have suggested that they 
study on their own one of two recent texts 
designed for this purpose: Robert L. 
Swain, Understanding Arithmetic (New 
York: Rinehart, 1957); William L. Schaaf, 
Basic Concepts of Elementary Mathematics 
(New York: Wiley, 1960). 

Some students, we feel, will not be able 
to cope even with these clear and stimu- 
lating books entirely on their own, so we 
have arranged that mathematics tutors in 
our Basie Skills Center will be available 
for short-term help with small groups of 
students. This will serve also the excellent 
purpose of bringing into face-to-face rela- 
tionship the profound puzzlement and un- 
clear thinking of the future elementary- 
school teacher with an expert in the field 
of mathematics, a person who, hitherto, 
concerned himself 
municating with 


mainly with com- 
mathematicians. We 


The Arithmetic Teacher 


| 
2 


have assumed throughout that persons 
who are creative mathematicians in their 
own right can find ways to transfer math- 
ematics-mindedness to young adults who 
certainly will never become mathema- 
ticians themselves. 


Summary 


In this article we have separated the 
qualities which belong only to the creative 
mathematician from those we call ‘‘math- 
ematics-mindedness.”’ We have mustered 
evidence that the mathematician has per- 
sonality characteristics different from 
those of the good elementary-school 
teacher. We have assumed that only 
mathematicians can create mathema- 
ticians, but that mathematics-mindedness 
is a literacy heritage which can be taught 
to any child by teachers who are them- 
selves trained to be mathematics-minded. 
We believe that mathematicians who are 
willing to accept the task are the best 
people to train mathematics-mindedness in 


young adults of various personality types. 
If we do not pursue these aims, we are 
likely to lose our potential mathematicians 
because they have not been readied in 
mathematics-mindedness by their early 
schooling—they become mathophobes long 
before they have the good fortune to meet 
creative mathematicians in college. 


Notes 


1. Donald E. Super, Paul B. Bachrach, 
Scientific Careers and Vocational Develop- 
ment Theory (New York: Bureau of Pub- 
lications, Teachers College, Columbia Uni- 
versity, 1957), p. 53. 

2. There are other types of personalities 
to be found among teachers in our school 
systems, but these produce notably poorer 
results than either the A-type or the B- 
type of personality. 

3. Max Wertheimer, Productive Think- 
ing (New York: Harper Brothers, rev. ed., 
1957). 


4. Prepared by the author of this article. 


Ten weary, footsore travelers, 
All in a woeful plight, 

Sought shelter at a wayside inn 
One dark and stormy night. 


‘‘Nine rooms, no more,’ the landlord said, 
“Have I to offer you. 

To each of eight a single bed, 
But the ninth must serve for two.” 


A din arose. The troubled host 
Could only scratch his head, 

For of those tired men no two 
Would occupy one bed. 


The puzzled host was soon at ease— 
He was a clever man— 

And so to please his guests devised 
This most ingenious plan. 


In room marked A two men were placed, 
The third was lodged in B, 

The fourth to C was then assigned, 
The fifth retired to D. 
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In E the sixth he tucked away, 
In F the seventh man, 

The eighth and ninth in G and H, 
And then to A he ran, 

Wherein the host, as I have said, 
Had laid two travelers by; 

Then taking one—the tenth and last— 
He lodged him safe in I. 

Nine single rooms—a room for each— 
Were made to serve for ten; 

And this it is that puzzles me 
And many wiser men. 


—MARTIN GARDNER, Mathematical Puzzles and 
Diversions (New York: Simon and Schuster, 
1959) pp. 142-143. 
If we reflect on what he’s done, 
We'll see we’re not insane. 
Two men in A, he’s counted one, 
Not once, but once again. 
Op. cit. 
Submitted by JoHN F. MOONEY, Ebasco 


International Corporation, New York, 
New York, p. 149. 
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Teaching creativity 


in mathematics* 


FRANZ E. HOHN University of Illinois, Urbana, Illinois 


In addition to his teaching and research responsibilities as associate professor 


of mathematics in the Department of Mathematics, Dr. Hohn has been serving 


as a consultant and writer for the University of Illinois Arithmetic Project. 


Pinu to their own declaration, 
many—perhaps even most—children do 
not like mathematics. In the case of bright 
children, children with creative minds, this 
results in a tragic loss, not only to society in 
technical power, but also to the individual 
in ability to appreciate a subject of great 
interest and beauty. 


Computation and mathematics 


Most of those who do not like mathe- 
matics, and probably even many of those 
who do like it, do not know what mathe- 
matics really is. Most people, including 
too many teachers, confuse mathematics 
with a body of manipulative skills which 
must be learned to the point of automatic 
response, in order that an individual may 
function successfully and usefully in cer- 
tain important circumstances. Though 
many mathematicians possess these skills 
to a high degree, the skills themselves do 
not characterize the mathematician, nor 
does exercise of them constitute his prin- 
cipal activity. 

The true mathematician, as contrasted 
with the expert in computation, is unin- 
spired by the prospect of performing rou- 
tine, repetitive tasks, just as a true artist 
would not wish to paint many copies of 
the same picture. On completing one 
painting, the artist will turn to a new one, 
a new expression of the beauty or of the 


* This article is also to appear in the Spring, 1961 issue of 
Illinois School Board Journal. 
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concerns he finds within himself. In a 
similar way, the mathematician’s primary 
creative activity is the study of patterns, 
relationships, forms, and structures in 
systems of numbers, geometrical figures, 
functions, and other objects of interest. 
Just as we want the child to learn some- 
thing of music, art, and literature, so that 
he may appreciate to an optimum degree 
these accomplishments of the human mind 
and spirit even though he may not become 
a musician, an artist, or a poet, so also 
should he learn something of the real spirit 
of mathematics, which is one of the most 
elegant creations of the human mind. 


The mathematician’s creative task 


It is important to realize that the math- 
ematician’s work includes much more than 
the study of relationships in the worlds of 
numbers and geometrical figures. He is 
free to look for form and structure wher- 
ever he can find them, for example in such 
fields as biology, physics, chemistry, agri- 
culture, psychology, and many others. 
Often he will have to invent new symbolic 
tools for describing what he sees. In many 
cases, the farther one goes from the world 
of numbers, the more difficult it becomes 
to detect and describe mathematically 
the patterns that appear. But in every 
scientific field, the detection of mathemat- 
ical patterns is becoming increasingly 
important because the understanding so 
obtained promises prediction and control. 
Thus every scientist is potentially a crea- 
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tive mathematician to some degree. Hence 
every child whose gifts equip him for pos- 
sible future scientific work should learn 
the tools which can make his work inspir- 
ing rather than routine, creative rather 
than imitative. 


Can children use mathematics 
creatively? 


Now what does all this imply regarding 
the nature of the mathematical training 
we give our children, especially the more 
able ones? Does it mean that we must do 
a superb job of teaching the computational 
and manipulative skills and do it as early 
as possible? Indeed it does, but it means 
much more. It means that we must teach 
even the small child to think creatively 
whenever mathematical problems are to 
be solved. This should ultimately be the 
purpose of every mathematics teacher. It 
is of course the antithesis of the style of 
teaching that says, ‘Here is the rule. Now 
follow it exactly in the following list of 
problems.”’ This latter style of teaching 
has effectively taught most of us adults 
not to think when we are faced with a 
mathematical problem, unless there is no 
way to avoid thinking. And then, faced 
with the need for real thought, we usually 
give up in despair, for in school we were 
not taught, perhaps not even allowed, to 
tackle problems creatively. 

In contrast to the classical emphasis on 
following the rule, experimenters with 
new materials have demonstrated that a 
creative approach to problem solving can 
be used at all ages to introduce significant 
mathematical concepts and methods of 
thought. To help in this, special visual 
and manual devices can be employed in 
such a way as to teach the child to invent 
and test alternative approaches, and to 
grasp intuitively and almost instantly re- 
lationships that could be expressed only 
with the greatest of difficulty in words 
that the child would understand. Such de- 
vices can be used as vehicles for creative 
rather than uninspired drill in basic skills 
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and thus help to speed up the perfection 
of these skills by providing proper mo- 
tivation. Indeed, repeated experience 
shows that such inspiration often makes 
an accomplished student of a youngster 
who is accused of being dull but is in fact 
only psychologically unable to memorize 
mathematical facts efficiently under duress. 

Devices such as those referred to can 
also be used to show that not all mathe- 
matical problems need to follow the famil- 
iar patterns of the number system, as well 
as that the number system itself displays 
exciting and instructive patterns most 
people never see and don’t even know 
how to see. The children should also learn 
that not all problems have ready solutions, 
and that some problems may have, at 
least in terms of resources momentarily 
available, no solution at all. 

Of particular importance is the use of a 
wide variety of problems and techniques 
to prevent development of the misunder- 
standing that everything goes according 
to a few familiar patterns and to develop 
a sense of complete freedom in the gen- 
erating of creative ideas. The object is to 
develop in the children minds free from 
the shackles of routine thinking, to release 
for a lifetime the powers of a creative 
mind. 


What happens when the approach 
is creative? 


The teacher who leads children into 
discovery must always be prepared for 
shock. Often he will be in a position like 
that of a parent taking a child for a walk 
in the woods. ‘‘What’s that thing?” ‘‘Look 
over there!’ ““What’s making that funny 
noise?’”’ And the parent, trained by long 
practice (as we all are) not to see and not 
to hear, is ashamed to realize how much 
he has been missing. In the same way, 
children often see relationships and signif- 
icances that the teacher and even the pro- 
fessional mathematician, hampered by 
conventional ways of looking at things, 
might miss. 
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Another shock comes when the children 
ask questions the teacher cannot answer, 
pose problems the teacher cannot solve. 
In the discovery method, it is absolutely 
essential that this situation be accepted 
as normal and indeed as desirable rather 
than being considered a cause for distress. 
Children are reasonable: they won’t ex- 
pect you to know everything but they will 
delight in helping you work out the an- 
swers. Moreover, some of the finest crea- 
tive teaching comes out of precisely such 
a mutual searching for solutions to prob- 
lems that children have raised. 

Another source of distress may be the 
children’s guessing. (Perhaps adults don’t 
guess: they simply ‘“‘make conjectures.’’) 
To me, the most exciting moments in an 
elementary classroom have been those 
when the children, faced by a difficult 
problem, began making wild and beautiful 
guesses. How on earth could they ever 
think of the things they do think of? This 
behavior is close to that of the research 
mathematician when he tackles an un- 
familiar problem. Let the children guess 
and learn to test their guesses, for such is 
the road to discovery and to new problems 
to be solved. 

To the teacher who appreciates both 
children and mathematics, such moments 
of discovery in the classroom provide a 
supreme thrill of creative accomplish- 
ment that only those who have experi- 
enced it can fully understand. But be 
forewarned! Do not experiment too cas- 
ually with the creative approach, for once 
you have tasted success, you will be for- 
ever dissatisfied with conventional ma- 
terials and with your own attainments. 
Indeed, such dissatisfaction is one mark 
of the true teacher. Its reward is a grow- 
ing sense of accomplishment arising out 
of the knowledge that there is no more 
significant privilege than to release the 
creative powers of a child’s mind. 


Classroom situations 


The object of the examples which follow 
is to show a few of the ways in which the 
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above-stated purposes can be accom- 
plished. Materials such as these can be 
used to give the child experience in all the 
essential aspects of mathematical re- 
search: the formulation, testing, accept- 
ance, or rejection and reformulation of 
hypotheses until the correct conclusion is 
reached. To give children such experience, 
which they find truly exciting, one must 
lead them to discover the basic aspects of 
a new situation for themselves rather than 
hand them a previously prepared conclu- 
sion. Only in this way can they learn to 
develop insight rather than to depend on 
thinking in habitual patterns firmly estab- 
lished by drill. Experience in discovery, in 
a wide range of situations, is the critical 
factor in the development of genuine 
mathematical thinking. 


Example 1 
By now most everyone has seen the 
symbolism of ‘frames.”’ For example, 


This is read “Box goes into box plus 
three” and requires that whatever number 
is put into the first box must also be put 
into the second box. For example, 


(9)-(9]+3 


535+3=8 9-94+3=12. 


Interpreted geometrically on a number 
line, the ‘“‘game’”’ 


involves shifting every point three units 
to the right. (The children should tell you 
this of course.) In addition to introducing 
informally the basic concept of a kind of 
transformation known as a “‘translation,”’ 
such a game gives opportunity for much 
interesting drill in addition, even as far 
down as the first grade. 
Now you vary the game a little: 


This is fine until you try to insert numbers 


less than 4. Then what should you do? I 
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Figure 1 


have seen first graders discover for them- 
selves in this way the necessity for invent- 
ing negative numbers and discover in- 
tuitively the rules for adding and sub- 
tracting signed numbers. It is nonsense to 
postpone the discovery of negative num- 
bers until high school when they are so 
easy and so much fun to treat earlier. 


Example 2 
Consider the number-line game 


3 
Here 
> =§8 
5) 
8 
73 


— =7 


Let us show this on a figure like that in 
Figure 1. 

Is there any point which behaves in a 
peculiar way? The children will soon 
point out that 


Here is good practice in fractions as well 
as an intuitive introduction to the im- 
portant mathematical concept of a fixed 
point: a point which is invariant under a 
given transformation. (Notice how little 
is conveyed by the preceding clause, but 
how clearly the same concept is conveyed 
by the example.) 

In one class I saw this happen: Two par- 
allel number lines were drawn, as shown 
in Figure 2. The procedure now was to 
connect corresponding points with lines. 
E.g., since 

12 
12> +5=445=9, 


connect 12 on the lower line with 9 on the 
upper line. This figure, after the connect- 
ing lines are extended, gives insight into 
the transformation called “projection.” It 
was a girl student in the sixth grade who 
proposed this extension of the lines and 
remarked, “The point where the lines in- 
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tersect tells you the stand-still point.” 
Indeed, the point of intersection is the 
center of a projection which connects the 
point named 73 on one line to the point 
named 73 on the other line. 


Example 3 
One student looked at a table of in- 
tegers to the base 7: 


0 1 2 3 4 5 6 
10 12 13 
20 21 22 23 24 25 26 
30 31 32 33 34 35 636 
40 41 42 43 44 45 46 
50 51 52 53 54 55 56 
60 61 62 63 64 65 ~~ 66 


He remarked, ‘‘In base 7, our ordinary 8 
becomes 11, 10 becomes 13, and so on. 
These are even numbers, but they don’t 
look even. How do you tell an even num- 
ber in base 7? Oh, I know!’ What rule 
had he discovered? How does one identify 
even numbers in an arbitrary odd base? 
Can you prove the correctness of your 
rule by using the place-value concept? 


Example 4 


A teacher asked her fourth grade to 
bring in patterns that could be folded up 
to make a cube. Several different patterns 
came in, some like those in Figure 3, and 


an 


Figure 3 


others. One child objected, ‘Hers is dif- 
ferent from mine. It isn’t right.”’ A simple 
test showed both were right. Then some- 
body wanted to know, “How many dif- 
ferent patterns are there?” The next as- 
signment was, obviously, “I don’t know, 
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so you find out.”’ The children found “all” 
the patterns. Why don’t you find them all 
and prove that your answer is right? 

Of course, finding all the patterns isn’t 
possible unless the problem is properly 
defined, so a discussion of what is to be 
acceptable as a “pattern” is necessary. 
What, in fact, is a precise definition of the 
problem? Can you prove very simply that 
there exists only a finite number of solu- 
tions to the problem you have defined? 
How many solutions are there if the cube 
is replaced by a rectanguiar box with only 
two equal dimensions? With no equal di- 
mensions? What differences are there be- 
tween a mathematical solution and a 
physical solution to the problem? 

Problems such as these can be found in 
many places, but you don’t have to look 
far for them if the classroom atmosphere 
is right: they arise naturally.* And you 
don’t have to be able to see the full signif- 
icance of a problem at once. The children 
will help you discover the significance if 
you let them, and everybody will learn 
from the process. 


* The above examples are typical of experiences in classes 
conducted by the University of Illinois Arithmetic Project, 
1207 West Stoughton, Urbana, Illinois. Further information 
about the project may be obtained by writing to Professor 
David Page, Director, at the above address. 


The Symbols of Addition and Subtraction, 
(+) and (—), were first introduced by Michael 
Stifel, a German mathematician of the sixteenth 
century. They first appeared in a work published 
by him at Nuremberg, in 1544, and are believed 
to have been invented by him. This is implied 
by the manner in which he introduces them: 
“thus, we place this sign,” etc., and ‘“‘we say that 
the addition is thus completed,’”’ etc. Prof. 
Rigaud supposed that + was a corruption of P, 
the initial of plus, and Dr. Davis thought that 
it was a corruption of et or &. Stifel, however, 
does not call the signs plus and minus, but 
signum additorum and signum subtractorum, 
which renders these suppositions improbable. 
—-EDWARD BROOKS, T'he Philosophy of Arithmetic 
(Lancaster: Normal Publishing Co., 1880), p. 
109. 


The Arithmetic Teacher 


Creative thinking and discovery 
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Mr. Jackson is counselor and teacher at Parcello Junior High School 


in Grosse Pointe. He is also a member of the Michigan Center 


School Mathematics Study Group in Ann Arbor, Michigan. 


|) the past year the writer was 
privileged to be a member for the second 
year of the Michigan Center of the School 
Mathematics Study Group. One of the 
classes in which the seventh-grade SMSG 
material was taught was an accelerated 
group in which the range of 1.Q.’s was 
from 118 to 170. The students of this 
group were classified as gifted. 

Enthusiasm and interest were high as 
the members of the class realized that they 
were part of the special nationwide pro- 
gram to improve the content of arithmetic 
for the seventh grade. 

Many fine, constructive suggestions 
were made by these students, showing evi- 
dence of creative thinking and imagina- 
tion. One student wrote an original poem 
about ‘“Zero.”! Another example of crea- 
tive thinking is the following suggestion, 
which was offered during the study of the 
unit on Factors and Primes. 


Exploring problems that 
involve complete factorization 


Consider the complete factorization of 
two or more numbers—let us take the set 
of prime factors of the counting number 
30 and call this Set A. 


Set A={2, 3, 5}. 


Set B will consist of the set of prime fac- 
tors for the counting number 21. 


Set B= {3, 7}. 


1 Tue Arirumetic TeacHer, VII (March, 1960), 160. 
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Then the intersection of Set A and Set 
B would be 


AMB={3}. 


It can be observed that this intersection 
is the Greatest Common Factor for the 
counting numbers 30 and 21. 

The union of these two sets of prime 
factors (30 and 21), is the set of factors 
which when multiplied together gives 210, 
the Least Common Multiple of 30 and 21. 


AUB= {2, 3, 5, 7}. 


The idea of using intersection and union 
of sets of prime factors to find the Great- 
est Common Factor and the Least Com- 
mon Multiple was discovered by a student 
of this gifted class. This idea was taken to 
the Michigan Center for discussion and 
later modified to include the proper desig- 
nation for indicating the identity of two or 
more factors of the same value by the use 
of subscripts. 

The problem of representing sets of 
prime factors, when there is more than one 
of the same value, can be seen in the fol- 
lowing example. Let us take the sets of 
prime factors of the counting numbers 12 
and 20. 

Let C represent the set of prime factors 
of 12, 


Set C= 22, 3}, 


and let D represent the set of prime factors 
of 20. 


Set D={2:, 20, 5}. 
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Then the Greatest Common Factor of 
12 and 20 can be shown by the intersection 
of these two sets, 


CO\D= {2,, 22}. 


Note: The Greatest Common Factor is 
found by multiplying the elements of the 
intersection, 2X2 which equals 4, and the 
Least Common Multiple of 12 and 20 is 
found to be the product of the factors of 
the union of these two sets, 


CD={2,, 22, 3, 5}. 


Note: The Least Common Multiple of 12 
and 20 is found by multiplying the factors 
22X35 which is 60. 

Later in the year the class was quick to 
realize the possibilities of representing 
these relationships in Venn Diagram form. 
The following illustrations show how 
these values appear in Venn Diagram 
form. 


VENN DIAGRAMS 


SETE 
@ 


GREATEST 
COMMON 


FACTOR Ane = {3} 


LEAST 
COMMON 


MULTIPLE AUB ={2,35,7} 


GREATEST 
COMMON 


FACTOR CND={2,,2,} 


LEAST 
COMMON 


MULTIPLE CUD ={2, 2, 3.5} 


NUMBERS IN SMALL CIRCLES FACTORS 
AS ELEMENTS OF THE SETS. 


While studying the unit on Whole Num- 
bers the class was intrigued by the concept 
of one-to-one correspondence between sets of 
(a) counting numbers and even numbers, 
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(b) counting numbers and odd numbers, 
(c) counting numbers and prime numbers, 
and (d) counting numbers and negative 
numbers. The fascinating ideas suggested 
by the fact that there were just as many 
even numbers, odd numbers, prime num- 
bers, and negative numbers as there were 
counting numbers seemed to impress the 
class. 


Finding new aspects of addition 
The Associative Property of Addition was 
applied to building tens. Example: 
8+9=8+(2+7) 
=(8+2)+7 
=10+7 or 17. 
As applied to the addition of signed num- 
bers the class was able to show examples 
such as, 
=[(+9)+(—9)]+(—4) 
=0+(-—4) or —4. 
In solving equations this property was ap- 
plied as well as the additive inverse as 
shown below: 
2x+5=9 
22+ (+5)+(—5) = (4+5)+(—5) 
22+ 
22+0=4+0 


Z. 


Obtaining all the sets 
of two factors for a given number 


The Associative Property of Multiplica- 
tion, Closure, and the Commutative Prop- 
erty of Multiplication was applied when 
finding possible sets of 2 factors for num- 
bers. For example: Find all possible sets of 
2 factors each for the number 210. 

The first set of factors is easily dis- 
covered to be 1 and 210. 

The student then found the complete 
factorization of 210 to be the set of four 
factors 2, 3, 5, and 7. 
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By grouping the first three of these fac- 
tors a second pair of factors of 210 is found 
to be (2X35) X7 or 30X7. 

A third pair of factors of 210 is easily 
found by grouping these factors as follows: 
2&(3X5X7) or 2105. 

By pairing the first two of these factors 
and the second pair, the fourth pair of fac- 
tors is discovered: (2*3)X(5X7) or 
6X35. 

If we wish to pass from the factorization 
(2X3) (5X7) to (2X5)XK(3X7), we 
need to consider the property of closure 
and the commutative property of multipli- 
cation as well as the associative property. 

Since multiplication is closed, (2X3) 
is a symbol for a single real number. 
Using the associative pattern aX(bXc) 
=(aXb)Xe with a=(2X3), b=5, and 
c=7 we obtain [(23) x7. 

If we now concentrate on the expres- 
sion in the bracket and once more apply 
the associative law of multiplication, 
(aXb)Xc=aX(bXc) with a=2, b=3, 
c=5, we obtain [2 (3X5) |x<7. 

If we now apply the commutative law of 
multiplication, aXb=b Xa, to the expres- 
sion (35) we have [2X (5X3) |X7. 

Reassociating the three quantities inside 
the bracket this becomes [(25) X3]xX7. 

Because of the closure of multipli- 
cation, (25) isa symbol for a single num- 
ber. Invoking the associative pattern 
(aXb) Xc=aX(bXc) with a= (2X5), b=3 
and c=7 we finally have (25) X(8X7), 
thus finding the fifth pair of factors of 210 
to be 10X21. 

In a like manner, by applying the same 
properties we discover three other pairs of 
factors of 210 to be (2X7)X(8 X35) or 
1415; 3X(2*5xX7) or 3X70; and 
5X (2X37) or 5X42. Thus we have dis- 
covered eight different pairs of factors of 
210. 


Seeing useful applications 


The Commutative Property of Addition 
was discovered to be the explanation for 
checking column addition by reversing the 
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order of adding. The Commutative Property 
of Multiplication was found to be the check 
by reversing the order of the factors to ob- 
tain the same product. Gifted students 
seem to like the technical, more scientific 
names for these fundamental laws of 
mathematics. Most gifted students are vo- 
cabulary conscious and large technical 
words appeal to them for they like to use 
them—it somehow seems to identify with 
superior ability. 

The Distributive Property of Multiplica- 
tion over Addition was illustrated by the 
development of the perimeter formula for 
the rectangle. The students discovered 
that since 


P=l+w-+l+u, 
then 

P=2l+2w 
and 


P=2(l+w). 


Applied to Rational Numbers, the Dis- 
tributive Property was used to show that 


2 4 l l 1 
—+4—= (2-—)+ (+. or (244)-—. 
3 3 3 


More of the problems 

that appeal to gifted students 

The Closure Property under Addition 
was discovered to have appeal to the 
gifted students. The following definition 
was used to solve problems such as those 
listed below: “If the sum of any two ele- 
ments of a set is an element of the set, the set 
is closed under addition.”’ Problems: (1) Is 
the set of even numbers closed under addi- 
tion? (2) Is the set of odd numbers closed 
under addition? (3) Is the set of all num- 
bers that are multiples of 5 closed under 
addition? (4) Is the set of prime numbers 
closed under addition? 

The Closure Property under Multiplica- 
tion was defined as follows: “If the product 
of any two elements of a set is an element of 
the set, the set is closed under multiplica- 
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tion.”’ Problems such as the following were 
then considered: (1) Is the set of even 
numbers closed under multiplication? 
(2) Is the set of odd numbers closed under 
multiplication? (3) Is the set of all count- 
ing numbers having a one in the one’s 
place closed under multiplication? 

New symbols appeal to the gifted stu- 
dent. Some of the symbols introduced in 
the seventh-grade SMSG materials are 
listed below: 


is greater than 

is less than 

is not equal to 

the dot for multiplication 
intersection 

union 


line, (read, line AB) 


ray, (read, ray AB) 


segment, (read, segment AB) 
is approximately equal to 
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Work with identity elements 
leads to new insights 


One of the most fascinating ideas intro- 
duced in the unit on ‘‘Whole Numbers” 
was that of the identity elements. The stu- 
dent was led to discover these by answer- 
ing the question, ‘‘Is there a number such 
that when it is added to any counting 
number the sum is the counting number?” 


a+n=a. 


Having built the addition table,? the stu- 
dent was able to observe that this identity 
element for addition was zero. This iden- 
tity element was used later (1) when study- 
ing signed numbers, and (2) in solving 
equations. 

The Identity Klement for Multiplication 
was discovered in the same way, that is, 
by finding a number such that when it is 
multiplied by any counting number, the 
product is the counting number. 


a-n=a. 


2? Humphrey C. Jackson, ‘‘Tables and Structures,"" Tar 
Arirametic Teacuer, VII (February, 1960), 71. 
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By building the multiplication table,’ it 
was easy to see that 1 is the identity ele- 
ment for multiplication. 

Applications of the identity element for 
multiplication are frequently found when 
studying rational numbers. The following 
examples are suggested : 


1. Simplifying a fraction. 
10 2X5 2 5 
14 2x7 27 7 
Note: The identity element here is the 
fraction 
2 
2. Changing a division of decimals prob- 


lem so that the divisor is a whole num- 
ber. 3.75+1.6=n 


Note: The identity element here is the 
fraction 


10 
3. Changing the form of a fraction when 
adding: 
3 l 


5 4 


In changing the fractions to denomi- 
nators of 20 the student thinks, 


Zn 3 4 3x4 12 
5 20 5 4 5X4 20 


n ro 23 5 
4 20 4 5 

Note: The identity elements here are 
the fractions 

4 5 

and 

4 

§ Tbid., p. 72. 
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16 10 16X10 16 


4. Multiplication of fractions. 
9 10 


e 
= — (factoring) 


3Xx3X2x%K5 
5x3 


$3632 
(regrouping) 


Note: The identity elements here are 
the fractions 
3 5 
- and —- 
3 5 
It is realized that there is no need to use 
the word “cancel” in any of this work, 
which is in agreement with the thinking of 
professional mathematicians edu- 
eators. 
5. Division of a fraction by a fraction. 


7 42 
72 26 2 @ 
= or 5} 
2 5 2 6 12 4 
3 3 


Note: The identity element occurs here 
as the fraction 


In the unit on Whole Numbers the stu- 
dent discovers the meaning cf inverse proc- 
esses, betweenness, and is helped to realize 
the many special properties of the number 
one and the number zero. 


The values of stimulating 
creative thinking and discovery 


It has been the purpose of this article to 
acquaint teachers of arithmetic with some 
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of the ideas advocated by the School 
Mathematics Study Group as presented in 
the seventh-grade material and to show 
how this material stimulates creative 
thinking and discovery. It is thought by 
many that most of these ideas could be in- 
troduced earlier in the students’ experi- 
ences, perhaps in the later elementary 
grades. This would probably be true if one 
had gifted students. 

Teachers who have had the opportunity 
to experiment along this line find that 
gifted students are stimulated by new 
ideas, by rational explanations of the 
arithmetic processes, and by discovery 
techniques. Not only do they readily as- 
similate new ideas, but they are led 
through discovery to formulate new ideas 
as shown earlier in this article. It is antici- 
pated that gifted groups will be able to 
work toward advanced placement in the 
senior high school, as in this group are fu- 
ture professional mathematicians, scien- 
tists, engineers, and physicists. 


The Symbol of Multiplication (X), St. An- 
drew’s cross, was introduced by William Ought- 
red, an eminent English mathematician and 
divine, born at Eton in 1573. The work in which 
this symbol first appeared was entitled Clavis 
Mathematicae, ‘‘Key of Mathematics,’ and pub- 
lished in 1631. Oughtred was a fine thinker, and 
was honored by the title ‘‘prince of mathema- 
ticians.”’ 


The Symbol of Division (+), was invented 
by Dr. John Pell, Professor of Philosophy and 
Mathematics at Dreda. He was born at South- 
wick in Sussex, 1610, and died in 1685. This 
symbol was used by some old English writers to 
denote the ratio or relation of quantities. I have 
also noticed it used thus in some old German 
mathematical works. Dr. Pell was highly re- 
garded as a mathematician. It was to him that 
Newton first explained his invention of flux- 
ions.—-EDWARD BROOKS, The Philosophy of 
Arithmetic (Lancaster: Normal Publishing Co., 
1880), p. 110. 
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A new approach to an old problem 


JACK W. McLAUGHLIN 


Lancaster School District, Lancaster, California 
Dr. McLaughlin is assistant superintendent responsible 
for educational services to Lancaster School District. 


| a is seldom taken until “a blow 
strikes home!” 

An analysis of test scores indicated a 
downward trend in arithmetic achieve- 
ment—a trend that began in the fourth 
grade. However, a general survey of the 
arithmetic situation led to the following 
conclusions: 


I. Low arithmetic achievement in mid- 
dle and upper grades has become a 
problem of state-wide concern. 

II. California educators have begun to 
examine curriculum practices in other 
states and in other countries, and 
many districts are formulating plans 
to accelerate the teaching of arith- 
metic. 

III. There is a growing feeling that Cali- 
fornia schools have been “‘too easy,” 
particularly in the area of arithmetic. 

IV. Large classes and the common prac- 
tice of heterogeneous grouping have 
made it increasingly difficult for 
teachers to adequately meet individ- 
ual needs. 

V. An alarming number of middle and 
upper elementary teachers assign the 
same lesson in the state textbook to 
the entire class, thus frustrating slow 
learners and retarding those who 
could be advancing rapidly. 


It took these disturbing results of a dis- 
trict-wide achievement testing program to 
establish the fact that Lancaster School 
District was seriously low in arithmetic 
achievement. Some kind of action was in- 
evitable and urgent, because this blow did 
“strike home.” The staff accepted the 
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challenge to develop a plan which would 
accelerate the arithmetic program and 
place Lancaster School District among 
those which are trying a new approach 
to the currently discussed problem in 
arithmetic curriculum. 


Pilot studies 

The writing of an arithmetic guide in 
which all new processes were introduced 
from six months to a year earlier was un- 
dertaken. Plans for two pilot studies were 
formulated to determine the grouping pro- 
cedure best suited to the needs of the dis- 
trict. 

Pilot Study #1 followed the plan of 
homogeneous grouping within grades four, 
five, and six, with emphasis on horizontal 
enrichment. Although there were many 
points in its favor, teachers still had a wide 
range of ability within groups and found 
the meeting of individual needs very dif- 
ficult. Rapid learners were confined to a 
grade level. Since one of the main objec- 
tives of the pilot studies was to find a plan 
which would accelerate capable students 
by introducing arithmetical processes at 
an earlier age, it seemed illogical to limit 
such students to a grade level beyond 
which they would not be allowed to pro- 
gress. 

Vertical acceleration was practiced in 
Pilot Study #2. This plan was based on 
the philosophy that the school should ac- 
cept the student where he is in academic 
achievement and make it possible for him 
to advance as far as he is capable of going. 
All fourth-, fifth-, and sixth-grade students 
were tested and placed in ability groups, 
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irrespective of grade level, for a period of 
special arithmetic instruction at the same 
time each day. 

The purpose of this procedure was to 
determine the most suitable plan of group- 
ing students for special arithmetic instruc- 
tion in the intermediate grades in order 
to: (a) provide opportunities for accelera- 
tion of rapid learners, (b) better teach 
average students, and (c) reteach students 
who failed to grasp certain arithmetic 
processes when they were presented in 
sarlier grades. 


Procedure 


Much of the success of this plan of 
grouping for arithmetic instruction is de- 
termined by the manner in which it is 
introduced and co-ordinated. Following 
are the main points of procedure as the 
plan was undertaken at Sierra School in 
Lancaster : 


I. The principal explained the program 
to his fourth-, fifth-, and sixth-grade 
teachers. Several meetings were nec- 
essary to formulate plans for testing 
and placing of students. 

Il. The P.T.A. president was asked to 
assist by calling a meeting of the 
parents of those children who were to 
be involved in the pilot study. The 
program was described to the parents 
and their questions were answered by 
the principal and his teachers. 

Ill. The California Achievement Test was 
administered to all fourth-, fifth-, 
and sixth-grade students. Test results, 
previous records, and teacher judg- 
ment were used as criteria in assign- 
ing students to initial ability groups. 

IV. Before assignments were mentioned 
to the students, the principal visited 
each regular class and explained, to 
the satisfaction of the students, how 
the program would operate and what 
was meant by being assigned to a 
group ‘‘according to one’s needs.” 

V. Each teacher was assigned an ability 
range and was held responsible for 
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teaching all processes in the corre- 
sponding section of the new Lan- 
caster School District Arithmetic 
Guide. 

VI. Parents and students were told that 
initial pupil assignments and any 
subsequent placement of students 
would be entirely flexible and that 
students could progress from one 
group to another as soon as they were 
capable of doing the work. 


The following points of classroom pro- 
cedure evolved from group planning: 


I. Each student was required to keep 
a graphic record of his own progress 
and a folder of his work. This folder 
was kept in the teacher’s file and was 
given to the pupil only when papers 
were to be added or when test scores 
were to be recorded. 

II. If and when a student had qualified 
for a higher level, the two teachers 
met to discuss his work before he was 
told. This prevented student disap- 
pointment, if the transfer was to be 
delayed. 

III. When a student transferred, he took 
his record of progress and his folder 
of classwork to the next room where 
it was placed in the teacher’s file. 

IV. Remedial groups spent much time 
learning fundamental skills, while ac- 
celerated groups were engaged in 
arithmetic projects involving ad- 
vanced mathematics. However, all 
groups were required to spend at 
least one day a week on arithmetic 
drill in some form. 

V. Tests were given on the same day in 
all groups and resulting scores were 
recorded by the pupil on his individ- 
ual progress chart. 


Parents did raise questions about the 
study as it developed. The following are 
illustrations of these questions and the an- 
swers given: 

1. How will you grade my child in arith- 
metic? 
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Answer: He will be graded according to 
his effort and progress within his 
group. If he is doing well, he will re- 
ceive a good grade, but his teacher will 
indicate whether he is working at grade 
level, below grade level, or above grade 
level. 


arithmetic! Now, he is in this fast 
group and he came home with a C on 
his report card. We don’t understand 
this sort of thing. We want our boy to 
make good grades. 


Evaluation by standardized tests 


Test results summarized in the follow- 


ing statements were taken from the records 
of Sierra School: 


I. Retesting with the California Achieve- 
ment Test Arithmetic Section showed 


2. Will this program of acceleration be an over-all average gain of three days 
continued in the upper grades? achievement for every day of instruc- 
Answer: Yes, plans are being formu- tion for the period of the pilot study. 
lated to take these students right on II. The 8.R.A. Arithmetic Achievement 
into an accelerated program in the Test was given to all fourth-, fifth-, 
seventh and eighth grades. and sixth-grade students at the be- 

3. My child is in the fourth grade and you ginning of the current school year. 
have placed him in sixth-grade arith- Retesting after a period of 29 days of 
metic work. How will he get fifth-grade instruction produced results which 
arithmetic? Won’t he miss out on further attest to the success of group- 
many vital processes? ing for arithmetic instruction. Aver- 
Answer: Each group will go back regu- age gains by grade are: 
larly to review fundamental processes. Fourth grade............ 8 months 
Your child has shown that he has the eee eee 5 months 
ability to learn these processes quickly. Sixth grade..............3} months 
He will be able to progress far beyond Individual high gains made in the 
his grade level, but constant review 29-day period are as follows: 
will insure against his missing out on Fourth grade............3.1 years 
any important process. Fifth grade..............3.5 years 

4. What will happen to my child if we Sixth grade..............1.9 years 
move to a district in which there is no Sixty-four pupils made more than 
accelerated program? a year’s gain in the 29-day period as 
Answer: It is the policy of any good compared to thirty-seven who did not 
school system to accept a child where show a significant gain. 
he is in scholastic achievement and to qq]. Although fourth-grade students have 
make it possible for him to advance as needed a comparatively longer period 
far as he is capable of going. Your child to become adjusted to the program 
should be better able to adjust to a new and to changing rooms and teachers, 
situation after having had the advan- test results show a greater gain in 
tage of participating in this program. achievement on the average than for 

5. Johnny has always received A’s in fifth or sixth graders. 


Evaluation by students 


Comments made by students were: 
“T like my arithmetic class because we 


get to work on projects like going outside 
to measure play areas after we finished 
studying about geometric figures. Next, 
we are going to plan the building of a 
home.” (Accelerated Group) 

“No one makes fun of me now when I 
drill on my multiplication tables, because 


Answer: Mrs. Smith, your boy is work- 
ing with an entire group of “‘good stu- 
dents.”” Which do you think is worth 
more to him—a C among high students 
or an A in the group in which he 
doesn’t have to exert any extra effort to 
get the best grade in the class? 
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everyone in the class is in the ‘same boat.’ 
I used to pretend that I knew them when 
I didn’t because I was afraid the other kids 
would call me stupid.’”’ (Remedial Group) 

‘‘We all work together in my arithmetic 
class. I used to have a hard time finishing 
my written work because another group 
would be too noisy, but now the room is 
quiet when we have study time.” (Low 
Average Group) 

“At first, I was scared that I wouldn’t 
like another teacher for arithmetic, but 
now I think it’s fun!” (Fourth grader) 

“Having more than one teacher is like 
Junior High School.” (Sixth grader) 

“Mrs. Smith makes arithmetic seem dif- 
ferent—more fun or something. Guess she 
just likes to teach arithmetic!’ (Fifth 
grader) 

“We don’t have to wait for slow kids.” 
(Remark frequently heard in accelerated 
group) 


Evaluation by teachers 

Comments made by teachers were: 

“For the first time in my teaching career 
I feel as if I’m doing a good job of teach- 
ing arithmetic, because I don’t have to 
cope with so many levels of ability. Test 
scores show a range of arithmetic ability 
in my regular class from 1.0 to 6.5 (or a 
range of 53 grades). My assigned group 
for the arithmetic program has an arith- 
metic ability range from 3.5 to 4.0 (or a 
range of 3 grade). What a difference it 
makes!” 

“The change in classes during the day 
is both challenging and refreshing to 
teachers and students.” 

“Knowing that I have to meet a dif- 
ferent group of children for the arithmetic 
period seems to force me to spend more 
time in preparation, and I’m certain to 
become a better teacher as a result.” 

“At first, 1 was concerned about my 
fourth graders and whether their im- 
maturity would make it too difficult for 
them to participate in this program. Just 
the opposite has proven to be true! They 
look forward to the arithmetic period and 
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to the chance to go to another room. It 
appeals to their ego and seems to make 
them feel very grown-up.” 


Evaluation by the principal 


The principal made the following state- 
ment: 


I. Many administrative problems arose 
as this program actually began to 
function, but the teachers: and I 
worked as a team to develop the most 
workable procedures for our school. 

II. Retarded students seem to react to 
the program in one of two ways: 


A. Those who are capable, but lazy, 
seem rather quickly to “find” 
themselves. There is a sudden 
show of determination to achieve 
—motivated perhaps by the desire 
to be placed back in their peer 
group. 

B. Those of low ability seem happy 
to be in a group in which it is 
possible to gain recognition on 
their level. Those who have been 
discipline problems in their regu- 
lar classrooms have “settled 
down” in this program. 


III. Rapid learners are no longer free to 
“loaf”? as they are sometimes per- 
mitted to do in a regular classroom 
when they have quickly finished the 
assignment and have simply wasted 
the rest of the period, helped slow 
students, or performed some jani- 
torial task for the teacher who 
couldn’t think of any other way of 
keeping them busy. In this program, 
they are competing against a group of 
students of like ability and have to 
“produce” or get left behind. Need- 
less to say, a few who have been used 
to staying ahead of the class without 
exerting any great amount of effort 
have found this program a bit frus- 
trating, but they have done very well 
after once realizing that they will 
have to work harder. 
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IV. I don’t believe this program puts un- 
due pressure on students or causes 
immature students to feel insecure. I 
have made it a point to carefully ob- 
serve the few students whose parents 
have complained and, in each case, I 
have reached the conclusion that it 
was the parent who was unhappy in- 
stead of the child—usually because 
the child had not been placed in a 
“more advanced group.”’ 

V. In this program, using this system of 
grouping for arithmetic instruction, 
no parent can justly complain that 
his child is being neglected. Every 
level of ability receives special atten- 
tion, and the rapid learner can ad- 
vance as far as he is capable of going. 

VI. A comparison between ranges of abil- 
ity in regular classes and those of the 
arithmetic classes will serve to ex- 
plain why teachers can better meet 
individual needs in the arithmetic 


program. 
Regular 
class class 

#1 3.1-8.4(5.3)  .7-3.0 (2.3) 
#2 .7-4.8 (4.1) 3.1-38.5( .4) 
#3 1.0-6.5 (5.5) 3.5-4.0( .5) 
#4 .7-5.4(4.7) 4.0-4.8( .8) 
#5 2.4-6.8 (4.4) 5.0-5.5( .5) 
#6 3.9-9.5 (5.6) 5.6-6.4( .8) 
#7 1.9-7.6(5.7) 6.4-9.5 (3.1) 


Evaluation by the curriculum staff 

Many benefits to the entire district have 
been derived from the functioning of the 
Lancaster School District Accelerated 
Arithmetic Program: 


I. Good public relations experiences 
have evolved from parent group 


meetings. 
II. Unity in the distriet has been further 
established through co-operation 


among district personnel in the ef- 
fort to achieve a common goal—that 
of upgrading the district arithmetic 
program. 
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Ill. Teachers have become interested in 
learning better methods of teaching 
arithmetic. 

IV. Principal-teacher planning has helped 
to develop a higher level of teacher 
morale. Over-all achievement scores 
have indicated a carry-over of im- 
proved teaching procedures to other 
subject areas. 

V. The emphasis placed on adequate 
meeting of individual needs in this 
program has influenced other grade 
levels to stress its importance. 


Conclusion 


All indications are that Lancaster 
School District has developed a plan of 
grouping for arithmetic instruction in the 
intermediate grades which is successful for 
this area. The program is in its second 
year of operation at Sierra School, and it 
was adopted on a district-wide basis at the 
beginning of the current school year. 

We are aware of the fact that programs 
which have succeeded as pilot programs 
have sometimes failed when made a part 
of the regular district curriculum, due to 
a lessening of interest and enthusiasm. 
Plans are being made to keep arithmetic 
“in focus” over a longer period of time. 
The continued success of the program will 
depend largely on: 


I. Adequate co-ordination and super- 
vision by administrative personnel 
II. Proper motivation of teachers and 
pupils 
III. Continued interest and co-operation 
of parents 
IV. Good teaching procedures and tech- 


niques 
V. Effective uses of teaching aids and 
tools 


‘However, at the present time, Lan- 
caster’s new approach to an old prob- 
lem—that of how to introduce arithmetic 
earlier and teach it better—seems to be 
producing unusually gratifying results. It 
may not be the best plan, but it is a plan 
that works! 


The Arithmetic Teacher 


Arithmetic instruction changes 


pupils’ attitudes toward arithmetic 


HAROLD H. LERCH 


Southern Illinois University, Carbondale, Illinois 


Dr. Lerch is assistant professor of education and 


a member of the Elementary Education Department at Southern Illinois University. 


The fact that pupils in all arithmetic 
classes differ in such ways as understand- 
ing of number operations, rate of learn- 
ing, background of experience, and interest 
in the subject indicates that arithmetic in- 
struction should be adjusted to provide 
for the apparent variations in pupils. 
Authors of texts concerned with the teach- 
ing of arithmetic recognize that these 
pupil differences exist and suggest meth- 
ods of teaching and classroom organization 
to provide for them. Classroom teachers 
are also aware of the extent of these dif- 
ferences and are concerned with methods 
of instruction which will meet the needs of 
all the pupils in their classrooms. The ad- 
justment of arithmetic instruction to 
variations in pupils has become a major 
aspect of arithmetic instruction. Most of 
the proposals and methods for adjusting 
arithmetic instruction to pupil differences 
in arithmetical abilities and understand- 
ings are concerned with some organiza- 
tional procedure and involve some type of 
ability grouping or some type of individ- 
ualized program. 


Significance of pupil attitudes 

in arithmetic instruction 

The importance of adjusting arithmetic 
instruction to pupil differences should not 
be discussed without also considering the 
importance of developing and maintaining 
favorable pupil attitudes toward arith- 
metic. Experiences in arithmetic classes 
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play a major role in the development of 
attitudes toward arithmetic. Such atti- 
tudes are developed early in the child’s 
school experiences and are significantly re- 
lated to achievement in arithmetic. 

Methods of adjusting arithmetic in- 
struction to individual differences by in- 
dividualizing instruction or by grouping 
have been severely criticized as adversely 
affecting the attitudes of the pupils and 
the parents involved. Critics of grouping 
methods claim that pupils in the lower 
grouping will suffer a loss of self-respect 
and that parents will denounce such class- 
room organizations as undemocratic pro- 
cedures. No parent wants his child to be 
classified as a slow learner. Critics further 
claim that such feelings on the part of 
parents and children will have an un- 
favorable effect upon the child’s attitudes 
toward arithmetic and the study of 
arithmetic. Proponents of organizational 
methods for adjusting arithmetic instruc- 
tion to pupil differences suggest that a 
child’s suecess at his own level of ability 
in arithmetic will have a distinct, favorable 
effect upon his attitudes toward that sub- 
ject, and that suecess for each child can be 
better achieved through certain organiza- 
tional procedures. 


Measuring the effects of grouping 
on pupi! attitudes 


Investigations in this area have dealt 
with the effect of certain practices on 
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pupil attitudes toward the subject, and on 
schoolwork, and have generally been as- 
sociated with studies concerned with gains 
in arithmetic achievement. A review of the 
findings of some of these studies should 
give some indication as to whether the 
claims of the critics or of the proponents 
of such methods can be verified. The find- 
ings of such studies are based largely upon 
information gathered from questionnaires 
completed by pupils, parents, or teachers. 

In a study which investigated the value 
of individualizing instruction for remedial 
arithmetic with ninth-grade pupils, Bern- 
stein! found that many pupils expressed a 
greater liking for mathematics after they 
had participated in the individualized 
program. When Justman? examined the 
attitudes of pupils enrolled in special prog- 
ress courses and pupils enrolled in normal 
progress courses, he found that there were 
no significant differences in attitudes and 
that the special progress courses had no ill 
effects upon the attitudes of the pupils. 
Kvaraceus and Wiles* looked at this prob- 
lem in a somewhat different fashion. They 
ascertained that when pupils were classi- 
fied into groups according to their achieve- 
ment and apparent abilities, disciplinary 
problems were reduced and pupils’ atti- 
tudes toward the study of the subject area 
seemed to have been improved. Holmes 
and Harvey‘ found that the method of 
grouping, whether flexible or permanent, 
appeared to have no differential effect on 
the attitudes of the children toward arith- 
metic. However, in both types of group- 
ing, the attitudes of pupils toward arith- 
metic were less favorable at the end of the 
year than at the beginning. 


1 Allen L. Bernstein, ‘‘A Study of Remedial Arithmetic Con- 
ducted with Ninth Grade Students’’ (Unpublished Doctoral 
Dissertation, Wayne University, 1955). 

2 Joseph Justman, “A Comparison of the Functioning of 
Intellectually Gifted Children Enrolled in Special Progress 
and Normal Progress Classes in Junior High School’ (Un- 
published Doctoral Dissertation, Columbia University, 
1953). 

3 William C. Kvaraceus and Marion E. Wiles, ‘‘An Experi- 
ment in Grouping for Effective Learning,’’ Elementary School 
Journal, XXXIX (December, 1938), 264-68. 

4 Darrell Holmes and Lois Harvey, ‘‘An Evaluation of Two 
Methods of Grouping,” Educational Research Bulletin, XX XV 
(November, 1956), 213-222. 
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In a more comprehensive study of at- 
titudes in relation to intra-class grouping 
for arithmetic instruction, Spence® con- 
sidered the attitudes of parents, pupils, 
and teachers as revealed by question- 
naires. Parents believed that subgrouping 
made the study of arithmetic easier, more 
enjoyable, and more meaningful for their 
children, reduced the amount of home as- 
signments, was liked by their children, and 
should be continued in the future. In gen- 
eral, pupils in subgrouped classes believed 
that arithmetic was made easier and more 
enjoyable, that they received more help 
from the teacher under such conditions, 
that they accomplished more with fewer 
home assignments, and that the grouping 
was desirable and should be continued. 
The teachers involved believed that sub- 
grouping was successful for all groups, 
that it required more planning and more 
materials, that better provision was made 
for individual differences, that there were 
no antisocial feelings, that children liked 
this type of classroom organization, and 
that subgrouping for instruction should be 
continued. 


A recent investigation 


In a study conducted by this writer,® the 
changes in attitudes toward arithmetic of 
pupils taught in grouped arithmetic 
classes were compared with the changes in 
attitudes toward arithmetic of pupils 
taught in a traditional nongrouped situa- 
tion. The experimental group consisted of 
two fourth-grade which 
grouped and regrouped when new topics of 
arithmetic were to be studied. The two 
contrast classes were taught in nongrouped 
situations. Pre- and post-inventories of 
attitudes toward arithmetic were adminis- 
tered to each group. Changes in attitudes 


classes were 


5 Eugene S, Spence, “Intra-Class Grouping of Pupils for 
Instruction in Arithmetic in the Intermediate Grades of the 
Elementary School’’ (Unpublished Doctoral Dissertation, 
University of Pittsburgh, 1958). 

6 Harold H. Lerch, ‘A Study Concerning the Adjustment 
of Arithmetic Instruction to Certain Individual Differences” 
(Unpublished Doctoral Dissertation, University of Lllinois, 
1960). 
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were determined and a comparison of the 
changes in attitudes toward arithmetic be- 
tween the two groups was made. As meas- 
ured by the instruments used in this study, 
the changes in attitudes toward arithmetic 
of the experimental classes were not signif- 
icantly different from the changes in atti- 
tudes toward arithmetic of the contrast 
classes. In both groups, more than one- 
half of the pupils indicated changes to 
more favorable, attitudes toward arith- 
metic. The experimental grouping proce- 
dure had no more adverse effect upon the 
pupils’ attitudes toward arithmetic than 
did the more traditional programs of the 
contrast group. 

Reports by Ivie, Fowler, and Graham’ 
and by Ivie, Gunn, and Holladay® do not 
completely support these findings. They 
indicate that some pupils are dissatisfied 
with working in small groups and would 
rather work with the class as a total group. 


Importance of teacher attitudes 

in relation to building 

favorable pupil attitudes 

The few studies reviewed here certainly 
do not verify the criticism that classroom 
organizational procedures of grouping or 
individualizing instruction for arithmetic 
have an adverse or unfavorable effect on 


7 Claude Ivie, Eugenia Fowler, and Virginia Graham, 
“Grouping in the Normal Mathematics Class,”’ The Mathe- 
matics Teacher, LI (October, 1958), 450-52. 

8 Claude Ivie, Lilybel Gunn, and Ivon Holladay, ‘‘Group- 
ing in Arithmetic in the Normal Classroom,’’ THe ArtITH- 
MetTic Teacuer, (November, 1957), 219-21. 


pupils’ attitudes toward arithmetic. 
Neither do the findings of these studies 
verify the supposition that organizational 
procedures of grouping or individualizing 
instruction for arithmetic will develop 
more favorable attitudes on the part of 
pupils. It should be recognized that or- 
ganizational procedures, as such, do not 
solve the problem of adjusting arithmetic 
instruction to pupil differences, or of de- 
veloping and maintaining favorable atti- 
tudes toward the subject. The child’s 
successes in arithmetic and his attitudes 
toward arithmetic are more basically de- 
pendent upon his teachers’ attitudes and 
the methods they employ than they are 
upon classroom organization. 

The importance of developing and main- 
taining desirable attitudes toward arith- 
metic suggests that teachers at all grade 
levels should be aware of their pupils’ at- 
titudes toward the subject and should 
strive to use teaching methods that will 
help develop favorable attitudes toward 
arithmetic. It would seem that if desirable 
attitudes toward arithmetic are to be de- 
veloped and if undesirable attitudes are to 
be changed, arithmetic pupils should be 
assured a certain measure of success. Thus, 
classroom organizational procedures and 
teaching methods should be ones which 
assure each pupil a measure of success at 
his own level of ability and understanding, 
and which at the same time encourage the 
development and maintenance of favor- 
able attitudes toward arithmetic. 


Science and mathematics teaching in ele- 
mentary and secondary schools was recently 
criticized by Dr. Edward Teller, the nuclear 
physicist who played an important role in de- 
veloping the hydrogen bomb. He blamed un- 
imaginative instruction for a large part of the 
“loss” of outstanding students to other less de- 
manding fields. Science and mathematics courses 
are too frequently taught as dull exercises in 
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fundamentals rather than as intellectual adven- 
tures and so ‘“‘fall short of the spirit of the sub- 
ject,” he said. Dr. Teller suggested that higher 
mathematics and science be taught to pupils at 
the age of 10 or 11. He also urged that ‘‘honors’’ 
be granted to teachers whose teaching produced 
superior students. 
—From Education Summary, 
November 12, 1960, p. 1. 


Grouping by arithmetic ability— 
an experiment in the teaching 


of arithmetic 


GRANT C. PINNEY Public Schools, China Lake, California 


Mr. Pinney is assistant superintendent of China Lake schools. 


That children in the regular elementary 
classroom at every grade level vary widely 
in their interest and achievement in arith- 
metic is a well-known and accepted fact. 
With this fact in mind, the staff at Vieweg 
Elementary School felt that most of the 
difficulty in teaching arithmetic was due 
to the great span of ability found in a 
heterogeneous classroom of fifth- or sixth- 
grade children.' In a sixth-grade class the 
grade placement ability on achievement 
tests ranged from 2.0 grade level to 10.0 
grade level—eight full years. The prob- 
lem, as we saw it, was to reduce the range 
of arithmetic achievement ability in each 
classroom. 

In the fall of 1958 the Vieweg Elemen- 
tary School fifth- and sixth-grade teachers 
launched a program in arithmetic that we 
felt would improve achievement level of 
fifth- and sixth-grade arithmetic students. 
We found that we could cut the arithmetic 
ability range in half by grouping the stu- 
dents according to arithmetic ability. We 
put the top thirty students in one class 
and the lower half of the children in 
another class. The only criterion used for 
grouping was arithmetic ability according 
to scores on the 8.R.A. achievement tests 
for grades four to six. This gave us a class 
load of approximately thirty children per 
class. Children were transferred from class 


1 The Vieweg Elementary School is a small school. It con- 
sists of two classrooms of each grade from kindergarten 
through sixth grade. At the time of this experiment fifty-eight 
students were enrolled in the sixth grade and sixty students 
were enrolled in the fifth grade. 
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to class on teacher recommendation two 
times during the year. When new students 
were enrolled they were placed in the class 
according to reports from previous schools 
regarding arithmetic grades and ability 
scores. A test was given to students of 
doubtful ability. 

To carry on this program we knew that 
we must allow the slow learner more time 
on successive topics and thereby postpone 
the presentation of some topics until later 
in the year or even in the following year. 
We knew also that we must give shorter 
assignments to slow learners. Assigning 
special homework gave the slow learners 
additional practice. The faster workers 
must be given additional arithmetic en- 
richment activities and must be allowed 
to move on to new topics at a faster rate of 
speed. 

Charts 1, 2, 3, and 4 show the ability 
range of the students in both the regular 
class and the class formed by grouping ac- 
cording to arithmetic ability and the 
achievement level of these students at the 
beginning of the program and at the end 
of the program. For comparison we used 
the sixth-grade classes only, as we had no 
previous scores on the fifth-grade students. 

The results as shown by the foregoing 
charts were above our expectations. In 
one year the students had grown more 
than two years in arithmetic achievement. 
The growth in arithmetic reasoning was 
from 4.7 grade level to 6.8 grade level. In 
arithmetic concepts the growth was from 


The Arithmetic Teacher 


RANGE OF ABILITY OF A REGULAR CLASS OF 30 STUDENTS 


GRADE 
LEVEL 


QTH 


8TH 


7TH 


6TH 


5TH 
4TH 
3RD 


ZND 


Chart 1 shows the range of arithmetic ability of one of the sixth-grade classes before the children were 
separated according to arithmetic ability. You will notice that the class charted above had a range of ability 
of 8 years with only 30 students measured. 


RANGE OF ARITHMETIC ABILITY OF 30 TOP STUDENTS 


GRADE 
LEVEL 


1OTH 


OTH 


8TH 


7TH 


6TH 


5TH 
4TH 


3 RD 
2.ND 
STUDENTS 


2) 3) 41516] 718 [9 12113 16 


Chart 2 shows the range of arithmetic ability of the top class after the separation has been made 
according to arithmetic ability. You will notice here that the range of ability for this group of students is 
just four years. 
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5.1 grade level to 7.3 grade level, and in 
arithmetic computation the children grew 
from 5.0 grade level to 7.3 grade level. 
Spelling is shown here because of the great 
growth in this area. This was a surprise to 
us and was probably due to the methods of 
teaching that we were able to use in an 
ability-grouping situation. The growth in 
spelling was from 4.6 grade level to 7.4 
grade level and spelling was not stressed 
in any way. 


Conclusions 


The program was a success as far as ac- 
complishing the goal we had set. At the 
close of the school year an evaluation 
meeting was held and the following con- 
clusions were made: 


Advantages of the program 


1. Great improvement was made in aca- 
demic achievement. 

2. Children were more at ease in the class- 
room situation. 

3. Preparation and teaching were made 
easier and more effective. 


Disadvantages of the program 


1. Eliminates leadership from one class to 
some extent. 

2. Low group must be a formal class all 
day to cover all subjects. This allows 
little time for committee or group work, 
class meetings, ete. 

3. High class received honors during the 
year and low class did not. Some com- 
petition was evident. 


GRADE 5 


1957-58 


— 


G. Pp 6. Pp 
ARITHMETIC ARITHMETIC ARITHMETIC 
SPELLING REASONING CONCEPTS COMPUTATION 
Sod 
4 — 
ca 
ae 


Chart 3 shows the achievement level of the 58 students before beginning the program. The heavy line 
shows the national norm and the dotted line shows the achievement level of this group of students. 
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GRADE 6 |958-59 

G.P. GP. 
ARITHMETIC ARITHMETIC ARITHMETIC 
SPELLING REASONING CONCEPTS COMPUTATION 
ho F5 

5-6 6-6- 


Chart 4 shows the achievement level of the 58 students after one year in the program. The heavy line 
shows the national norm and the dotted line shows the achievement level of this group of students. 


4. Frustration to the teacher of the low 
group. Takes time for teacher to ac- 
cept the slower achievement of class 
and the lower achievement that can be 
expected of the class. 


Suggested recommendations for another 
year 
1. Repeat the program if teacher of low 
group is willing to accept and work at 
this level again. 


bo 


If teacher is not willing to accept this 
low group with enthusiasm, the chil- 
dren should be grouped the same way 
for just one hour a day during the arith- 
metic period. 

One hour of arithmetic should be 
taught in the low group and not less 
than forty-five minutes a day in the 
high group. 

Low group could use more audio-visual 
material during the year, such as rec- 
ords, charts, flash cards, ete. 


To the editor 


There appear to be several errors on page 396 
under b in the December issue of THE ARITH- 
METIC TEACHER. 


GEORGE GREENOUGH 
Escondido, California 
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Yes, there is an error. The statement should 
read, ‘“‘Team A won one out of four games be- 
fore Christmas and four out of seven games 
after Christmas.”’ Thanks for calling this to our 
attention. 


THE EDITOR 
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Developing concepts 
of time and temperature 


The use of daily ceremonies 


in the primary grades 


IDA MAE HEARD Acadia Parish Schools, Crowley, Louisiana 


Dr. Heard is mathematics supervisor for the Acadia Parish Schools. 


A well-balanced program in mathemat- 
ics for the primary grades includes many 
opportunities for children to acquire con- 
cepts of measurement. Some teachers 
achieve this balance by reserving one day 
of each week for developing measurement 
ideas. Other teachers schedule some meas- 
urement experiences and capitalize on any 
unexpected situation that arises. Quite a 
number of teachers depend on the repeti- 
tion of some worthwhile daily experience 
to give meaning to some phase of meas- 
urement, such as time or temperature. 
Any good teacher uses a variety of ways 
to provide firsthand experiences that tie 
certain measurement notions to the child’s 
daily environment. The following photo- 
graphs made by the author show some of 
the recurring experiences used by the 
primary teachers of the Acadia Parish 
Schools to teach time and temperature. 


Learning to tell time 


The telling of time on the hour can be 
greatly simplified by using the hour hand 
only at first. Demonstration clocks with 
instructions for the teacher and pupils 
can be obtained free from: 


The Watchmakers of Switzerland 
Information Center, Inc. 

730 Fifth Avenue 

New York 19, New York 
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The teacher uses a large model and the 
pupils use smaller clocks. After the hour 
hand is attached, the children learn to 
show the time on the hour, a little before 
the hour, and a little past the hour. Finally, 
they learn to show the position of the 
hour hand at half past the hour, at a quar- 
ter past the hour, or at a quarter to the 
hour. 

The pupil moves the hour hand to show 
its position when school is out. 

The first graders use both hands on 
their clocks to tell the time that school 


starts. 


“We go home at half past three.” 
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“We start school at 9:00 o'clock.” 


A second-grade teacher made an ex- 
perience chart by mounting the small 
clocks on a sheet of poster paper. 


Keeping a day-by-day calendar 


There are many things that children 
learn by keeping a progressive calendar. 
They become aware of the proper sequence 
of the numbers from 1 to 31. The young- 
sters learn the ordinals from ‘‘first’’ to 
“thirty-first.” They learn that most 
months have 31 days, that some months 
have 30 days, and that February is the 
shortest month. The pupils also learn the 
order of the days of the week and the 
number of days in a week, and finally they 
learn the approximate number of weeks in 
a month. 

The pictures on page 126 show various 
ways of having the children keep a day- 
by-day calendar. 

As each child took his turn in crossing 
off a day, he told the day of the week, the 
month, and the year. Most teachers used 
a calendar that was purchased from a 
commercial source. 


Learning to read a thermometer 


All the teachers had an educational 
thermometer, and the children learned to 
read the scale in units of 2 degrees. 

In the second-grade classes, the children 
had read a news story in their Weekly 
Reader on “Summer In Antarctica” (Edi- 
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start for school at 8:00 o'clock.” 


tion Two, January 18-22, 1960). From this 
issue they also found that water freezes at 
32 degrees. They located this point on 
their thermometer. 

One second-grade class kept a chart of 
the temperature readings at 9 a.M., at 
noon, and at 3 p.m. They compared the 
temperatures from one reading to the 
next and from day to day at the same 
hour. In general, they found the noon 
temperature higher than the one at 9 
o’clock. There were a few times during the 
fall and spring months when the outdoor 
and indoor temperatures were found to be 
the same. 


Making a broken-line graph 


During the month of February, a group 
of third graders recorded the indoor and 
outdoor temperature readings of their 
classroom at 9 o’clock each morning. With 
the help of their teacher, the children 
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Crossing off the days. 


made the graph pictured which shows the 
daily changes in temperature. A red line 
was used to represent the inside tempera- 
ture, and a blue line represented the out- 
door readings. 

The daily ceremonies described here are 
one means of gradually unfolding ideas 
about time and temperature. These con- 
cepts are not only useful to the children 
at the time they learn them, but they 
form a stockpile of information which can 
be drawn upon in the solution of oral or 
written problems. 


Learning to compare the readings on the indoor- 
outdoor scales is shown here. 
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“The temperature of our classroom should be kept 
at about 72 degrees.” 


“On February 9, the indoor and outdoor tempera- 
tures were the same.” 


The Arithmetic Teacher 


* 
” 
Today is February 5, 1960. 
os 


Ordered pairs, patterns, and graphs 
in fourth grade 


LUCY E. DRISCOLL Cook County Public Schools, Chicago, Illinois 


Miss Driscoll is assistant superintendent of schools in Cook County, Chicago, Illinois. 


Fox many cuts will you make to cut a 
board into four parts?” “‘If Tommy is four 
years old when his father is twenty-four, 
his father is how many times as old as 
Tommy?” Although in itself this presented 
no apparent difficulty, someone then vol- 
unteered the statement, “Then when 
Tommy is six years old, his father will 
have to be thirty-six.”’ At this point there 
was some shaking of heads, much discus- 
sion, and a number of seemingly perplexed 
children. 

These two problems and the discussion 
which followed in a fourth-grade class were 
interesting problems dealing with ‘“‘or- 
dered pairs” and the way these pairs 
formed patterns. They were the motives 
that suggested the following end experi- 
ences to the writer. Might it be possible to 
help these children to picture these pat- 
terns as mathematical graphs? Briefly the 
“experiment”’ was as follows. 


Exploration 


The two problems stated above were 
discussed and continually rephrased until 
the pupils themselves clearly saw patterns 
evolving. The suggestion was made that 
for problems in which pairs of numbers are 
involved and in which those pairs ‘‘move”’ 
together in some way, it is always possible 
to make a “‘picture”’ in the form of a graph. 
Since the class had had experience with 
temperature graphs, this was used as our 
starting point. Along the horizontal line 
(the word ‘‘axis’’ was not used) we wrote 
the dates of the month and along the verti- 
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cal line the temperatures. (See Figure 1.) 
We then decided upon the unit to be used, 
and proceeded to write the 0 at the inter- 
section of the two axes. At equal intervals 
5, 10, 15, 20, ete. were written. We then 
“plotted” the temperatures we had as- 
signed to the various dates. 

The result of our finished graph was, of 
course, a broken line graph, but this had 
given us experience in plotting points to 
represent the pairs of numbers. We had 
even found that we could “‘interpolate’’ as 
needed (and they thoroughly enjoyed these 
big, new words, too). 

Next we talked of the number of cuts 
necessary to cut the board into several 
parts, one of the two problems that had 
prompted this experience. We decided to 
write along one line the number of cuts, 
and along the other the “partners” of 
these numbers—the number of pieces of 
board which would result. (See Figure 2.) 
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We now plotted these pairs of numbers. We 
didn’t draw a line, for this would suggest 
we had parts of cuts as well as parts of 
pieces. We later talked about it: that we 
had plotted several points representing 
pairs of numbers such as one cut, two 
pieces; two cuts, three pieces; three cuts, 
four pieces; these points helped us name 
other pairs of points, ete. 

Next we talked about the second prob- 
lem, which dealt with the ages of father 
and son. One boy spoke up and said, 
“Yeah, I never did quite understand that 
one.”’ We decided to have Father be 25 
when Tommy was one year old, and we 
organized in two columns their ages over 
the next several years—then “skipped” 
to the age both would be when Tommy 
would be 5, 10, 15, and 20 years old. 


TOMMY | FATHER 


w 


Examining our two columns of figures, it 
was evident that Father would always be 
24 years older than Tommy, since he was 
24 years old when Tommy was born. We 
now plotted these pairs of numbers on a 
graph, using units of one year along the 
x-axis (horizontal line) for Tommy’s age, 
and units of five years along the y-axis 
(vertical axis) for Father’s age. (See Figure 
3.) After plotting several points we realized 
that the points were falling in a certain 
way. 
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TOMMY FATHER TIMES AS OLD 
! 25 25 
2 26 13 
3 27 9 
4 28 7 
6 30 5 
24 48 2 


We could draw a line, since points be- 
tween the points gave pairs of ages in 
years and months, and even days. We were 
not concerned, however, with these points. 
Instead, we discussed the reasons why this 
particular information gave us a straight 
line and not just a row of points as in the 
other problem. This seemed quite under- 
standable to the children. 

We returned to the two columns of fig- 
ures on the board representing the ages of 
Tommy and his father over a period of 
years. The children were asked to look at 
these a bit differently in attempting to an- 
swer the question, ‘When Tommy was 
one year old and his father twenty-five 
years old, his father was how many times 
as old as Tommy?” The answer came 
quickly, and we proceeded to answer this 
question for each pair of numbers on the 
board and to write these “how many times 
as old” numbers in a third column opposite 
the other two columns. It was amazing to 
the pupils how very rapidly the numbers 
in that third column became smaller, until 
we found that when Tommy became 24 his 
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Figure 3 
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Figure 4 


father would be only twice as old as 
Tommy! And if we had started to com- 
pare the ages when Tommy was but a few 
hours or a day or two old—what a very 
large number we could have had! To make 
a graph of this new information we de- 
cided to use the x-axis for Tommy’s age(s) ; 
and on the y-axis we wrote the “how many 
times as old” numbers beginning at the 
zero point and using a unit of 5, remem- 
bering that this is not five years, but ‘‘five 
times as old,” ete. Again, pupils volun- 
teered to go to the board and plot the 
points representing pairs of numbers: 1 
year old, 25 times as old; 2 years old, 13 
times as old; 5 years old, 4$ times as old, 
etc. Soon we could begin to see that in this 
graph we were not plotting a straight line. 
(See Figure 4.) After quite a number of 
points had been placed on the graph, some- 
one offered to try to draw as smooth a 
curve as possible through the points. All 
were delighted to learn that this was a 
part of the curve called a ‘‘hyperbola,” 
“a word you really shouldn’t be expected 
to know at least until you have high school 
mathematics.” 

Interest was at such a peak by now that 
it seemed safe to try one more “pattern.” 
The formula for the area of a square was 
used. Since the fourth grade had not had 
the words “‘area,”’ the 
work was most informal. A small square 
was drawn on the board and the side 
called ‘‘1.”” A second square was drawn 
and the side called ‘2.’’ The children were 


“formula” and 
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then asked, “How many of the small 
squares could be put inside the square 
whose side is ‘2’? Very quickly someone 
was sure he could draw four such squares 
in the new figure, and he went to the 
board to show how it could be done. In a 
similar way we did a square whose side 
was ‘3’; here there was discussion as to 
whether it would contain 6 or 9 of the 
smaller squares, but very soon a pupil 
went to the board and drew in the 9 
squares. We repeated the experiment with 
a “4”? square, and then stopped to exam- 
ine the “pattern” that was being devel- 
oped. Without further drawings the chil- 
dren could see that the ‘‘5’ square would 
have 25 small squares, and that in the “6” 
square there would be 36 small squares. 
We now arranged these numbers in pairs 
in two columns on the board and prepared 
to make our graph, using one axis for the 
“sides” and the other for the “‘insides.”’ As 
points were placed on the graph represent- 
ing the pairs of numbers (Figure 5), we 
could see that a still different kind of graph 
was developing, and when the ‘“‘smooth 
curve” was drawn by a pupil, all again 
were delighted to know that they had a 
graph of part of a “‘parabola.”’ 
Enthusiasm was high. There was little 
time left for further exploration. We 
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talked of information we might “read” 
from our final graph—information which 
we did not “plot” in making the graph— 
and of the kinds of graphs other sets of 
ordered pairs might give us. For example, 
that afternoon the children were to attend 
a play. The tickets were 15¢ each. We dis- 
cussed how we might plan a graph to in- 
clude the price of any number of tickets. 
When asked, “‘Do you think the points of 
this graph would lie in a straight line or 
along a curved line?” one boy quickly said, 
curve’; but a more discerning young- 
ster said, ‘‘No, I’m almost sure it would be 
a straight line, because the number of 
tickets and the price will be changing at 
the same rate.”’ Then they made a graph 
as in Figure 6. 


Reflections 


Of what value is such an experiment? 
It is difficult to say. One outcome was the 
realization by all the pupils that, in prob- 
lems involving pairs of numbers which 
have a relationship, some type of graph is 
possible; that the type of graph is depend- 
ent upon the kind of relationship existing 
between the numbers; and that the graph 
can give information in addition to that 
which was used in plotting some points. 

The experiment was interesting and the 
results most satisfying. Elementary pupils 
are undoubtedly capable of understand- 
ing deeper mathematical concepts than 
usually are expected of them. Yet, al- 
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though high in motivation, one is not con- 
vineed that an activity such as this should 
be introduced as a part of the ‘“‘basic cur- 
riculum”’ in fourth grade; if it is used, it 
should be a natural outgrowth of the basic 
content. Surely, however, this experiment 
is an illustration of the type of work which 
might be provided as enrichment material 
for the more able pupils at the middle- 
grade level. Too, teachers are challenged 
every time they have an opportunity to 
lead young children to make interesting 
and challenging discoveries for themselves 
in the field of mathematics. Such experi- 
ences at any level are delightful for both 
pupils and teachers. And teachers need to 
be alert to recognize the opportunities for 
going deeper with pupils while at the same 
time aiding the “action research’? which 
will surely help to provide some of the 
answers we are seeking regarding ‘‘con- 
cepts,” “content,” “grade placement,”’ 
ete., in the field of mathematics. 


Eunice Lewis appointed 
vice-president, 
secondary school level 


The Board of Directors of the National 
Council of Teachers of Mathematics has 
appointed Eunice Lewis to the position of 
vice-president, secondary school level, to 
fill the vacancy created by the recent 
resignation of William Glenn. Miss Lewis 
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is associate professor of education at the 
University of Oklahoma, teaching mathe- 
matics classes in the University High 
School. In addition, Miss Lewis supervises 
the mathematics teacher trainees in the 
university. 
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In the classroom | Edwina Deans 


Remainders 
in division and 


a floor number line 


Here are a number of ideas to introduce 
in your own classroom. They should prove 
both meaningful and thought provoking. 


Remainders in division 

Use a clock model or drawing to help 
your children with the concept of remain- 
ders in division. Provide a clock for each 
of the numbers you are using as divisors. 
The clock for 3’s will have three points, 
the clock for 4’s will have four points, the 
clock for 5’s, five points, and so on. 

Give children a series of numbers and 
have them find at what point on the 
clock for the 4’s each of the numbers lies. 
If the remainder is 3, the number will be 
placed on the outside of the circle in the 
space opposite the point for the number 3. 
Children can draw their own clocks and 
insert the numbers in the proper places as 
they determine the remainders. Figure 1 
shows the clock and the set of numbers as 
presented to the children. Figure 2 shows 
the completed work. 


[9] 30 
96 


Figure 1 
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Figure 2 


4| 98 
57 
39 
27 5280 
68 9263 
77 501 


Figure 3 


The same procedure can be followed for 
any of the numbers through 9. Figure 3 
illustrates where each of the numbers be- 
side the figure would fall. For example, 
the remainder for 68 +8 is 4; therefore, 64 
is placed by point 4 on the clock. 

As children work with these clocks, they 
see that the number 4, when used as a di- 
visor, can only have remainders of 1 
through 3; that a divisor of 8 can only 
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have remainders of 1 through 7. Thus 
children are led to the generalization that 
possible remainders are always one less 
than the divisor. 

Work with remainders may be begun at 
the time the multiplication and division 
facts are being learned. At the appropriate 
time, this work can be extended to 3-, 4-, 
and 5-place numbers. When children work 
with the larger numbers, they can be en- 
couraged to look for patterns as they study 
the numbers in each position around the 
clock. They may be able to discover a way 
to tell if a number is evenly divisible by 
four before dividing. They will see in- 
teresting patterns of odd and even num- 
bers as they analyze the numbers beside 
each remainder around the circle. 

When it is desirable to have many num- 
bers beside each remainder, you may wish 
to divide the class, letting each group of 
children work on a different set of num- 
bers. All numbers can then be placed on a 
large class chart or on a chalkboard draw- 
ing for analysis and discussion. 


A number line on the classroom floor 


You can make a number line on the 
floor of your classroom by stretching 
masking tape along one wall. Place the 
number line about two feet from the wall 
to allow easy movement by children. If 
your floor is covered with tile squares, the 
length of a tile can be the unit of the num- 
ber line. Mark units with points and 
numbers, as in Figure 4. Of course, a num- 
ber line can be constructed on any floor by 
marking and labeling equal segments 
along the line. 

Children face the number line and take 
steps to the right or to the left. The fol- 
lowing understandings can be developed 
by using such a number line. 
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1. As you take steps to the right, the num- 
bers become larger; as you take steps to 
the left from any given point, the num- 
bers become smaller. 


2. When you take two steps at a time, 


you are counting by 2’s. You can count 
by 2’s beginning with any number 
Counting by 2’s requires skipping a 
step or skipping a number. 

Two numbers may be added by start- 
ing with one number and stepping off 
the other. 


3+2=0 

Start at 3; move 2 steps to the right. 
3+2=5 

8+6=( 

Start at 8; move 6 steps to the right. 
8+6=14 


4. The order in which numbers are added 
does not change the answer. Take the 
examples above. Start with 2 and step 
off 3; start with 6 and step off 8. 
Children will see that they get the same 
answer regardless of which addend is 
first. 

5. One number may be subtracted from 
another by starting with the total and 
moving to the left the number of steps 
indicated by the known addend. 


6—4=(] 

Start at 6; move 4 steps to the left. 
6—4=2 

144-—5=(] 

Start at 14; move 5 steps to the left. 


14—5=9 


6. The missing number may be found by 


starting with the known addend and 
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finding how many steps it takes to 
reach the total. 


6+0J=11 


Start at 6; see how many steps are 
needed to reach 11. 
This gives the missing number. 


6+5=11 


7. Two numbers can be compared by 
matching the known part with the total 
and finding how many units do not 
match. 


Six is how many more than 4? 
Find 4; find 6; 4 of the 6 units will 
match. 


Two of the 6 units will not match. 

Six is 2 more than 4; or 4 is 2 less than 6. 
What is the difference between 16 and 
Q? 

Find 16; find 9. 

Nine matches with 9 units of the 16. 
Seven of the 16 units are left after the 
matching. 

So 16is7 more than 9; or 9 is 7 less than 
16. 


8. Use the number line to help children 
analyze problem-solving situations. 


Only 8 of our 13 girls are at school to- 
day. 

How many are absent? 

Start at 8; show 13; find how many are 
needed with 8 to make 13. 

Write the number sentence: 8+5= 13. 


There were 8 cookies in the box. We ate 
6 of them. How many were left? Start 
at 8; move 6 steps to the left. 

Write the number sentence: 8—6=2. 


Jack bought three 4¢ stamps. How 
much money did he pay for them? 
Move by 4’s to the right. Make 3 moves. 
Write the number sentence: Three 
4’s= 12; or 3X4=12. 

Joe has 4 red cars, 2 blue cars, and 3 
green cars. How many cars has he? 
Start at 4; move 2 steps to the right to 
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6; move 3 more steps to the right to 9. 
Write the number sentence: 4+2 
+3=9. 


Of course children should share in the 
analysis of the number situation to 
determine whether moves should be 
made to the right or to the left to find 
the answer. 


9. Children may be encouraged to develop 
games which can be played with part- 
ners on the number line. One such game 
follows. 


If the number line is 25 units long, the 
game may be called “The Game of 25.” 
Partners draw grouping cards to deter- 
mine the number of moves to make along 
the line. 

Sally draws the left card shown in 
Figure 5, makes four moves, and places a 
marker at 4 on the number line. Her part- 
ner draws the other card shown in Figure 
5, makes 6 moves, and places her marker 
at 6 on the number line. They continue to 
draw cards and to make moves as indi- 
cated by groups on the cards. The person 
who reaches 25 first is the winner. 


0 O 
0 
00 


Figure 5 


The game may be played beginning 
with 25 and moving to the left. The per- 
son to reach the beginning of the number 
line first is the winner. 

For another appealing game, design 
arrow cards for children to draw. Arrows 
indicate moves to right and left. Each 
child draws a card and makes his moves. 
The winner is the child who first reaches 
25. 

The top card in Figure 6 is interpreted 
as follows: move 3 steps to the right; 
move 2 two steps to the left. The lower 
card in Figure 6 is read: move 2 steps to 
the left; move 5 steps to the right. 
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Figure 6 


Children soon learn to save moves as 
they see that the same number of arrows 
to the right and to the left cancel each 
other out, leaving them at the same num- 


ber. They can make only the moves indi- 
cated by the difference between the two 
sets of arrows. 

Many children are quite creative in 
thinking up games of this type to play. As 
children practice these games, they begin 
to develop the ability to move by 2’s and 
3’s instead of by 1’s. Some children become 
adept at thinking of the moves abstractly 
without taking steps at all. Such growth 
toward abstract thinking should be en- 
couraged. 

Games and activities of the type de- 
scribed for the floor number line may start 
at kindergarten level and may increase in 
difficulty as long as they afford interest 
and motivation for practice or provide a 
means of new learning. Adaptations may 
be made to include simple multiplication, 
division, and fractions. 


Those final digits 


This note is an addendum to Catherine 
Stern’s interesting article in THe ArITH- 
METIC TEACHER of December, 1960. For a 
number of years, I have had students test 
the likeness of final digits in the products 
of complimentary numbers for various 
bases: 7 and 3, 6 and 4, 8 and 2 for base 
ten; 5 and 3, 6 and 2, 4 and 4 for base 
eight; 7 and 5, 9 and 3, 8 and 4 for base 
twelve; and similarly for other bases. 

For most students this proved to be 
just an interesting trick. A few wanted to 
know the principle behind the trick and 
how the principle might be proved. The 
following proof was developed: 

Let N be the number base, and let a and 
N-a be the complimentary numbers 
whose products we compare. Let k be any 
integer such that l<k<N—1. 

The first row below shows the products 
of a in ascending order. The kth term is 
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ka. The second row shows the products of 
N—a in descending order. The kth term 
is (V—k)(N—a). 


a 

(N — 1)(N —a) (N —2)(N —a)--:-- 
ka 


In the first row, the final digit in the kth 
product is the final digit in the number ka. 
In the second row, the final digit in the kth 
product is the final digit in the num- 
ber (N—k)(N —a) = N?—N(k+a)+ka 
=100—10(k+a)+ka. Since neither 100 
nor 10(k+a) can influence the final digit 
of the number, the final digit of this prod- 
uct must be the final digit of the number 
ka. 

JESSE OSBORN 
Harris Teachers College 
St. Louis, Missouri 
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Experimental programs and research | J. Fred Weaver 


Enrichment for the talented 
in arithmetic: a local program 
for grades 4, 5, and 6 


LONIE E. RUDD Tufts University, Medford, Massachusetts 


Editor’s introduction 


Doctor Rudd is Associate Professor of 
Education at Tufts University and is serv- 
ing as Arithmetic Consultant to the New- 
ton (Massachusetts) Public Schools for 
the project he describes here. Professor 
Rudd will give a more detailed account of 
this project in connection with the pro- 
gram of the Thirty-ninth Annual Meeting 
of The National Council of Teachers of 
Mathematics to be held at the Conrad 
Hilton Hotel, Chicago, on April 5-8, 
1961. (J.F.W.) 


Great strides have been taken recently in 
the development of new curriculum ma- 
terials in mathematics. That these changes 
are long overdue is recognized generally. 
It is further recognized that most of the 
impetus for these changes has been fur- 
nished by foundations which have gen- 
erously supported a wide variety of proj- 
ects. An area of growing concern is that of 
the responsibilities of local school systems 
in the development and use of new cur- 
riculum materials. This area is important 
for at least two reasons: one, it seems 
highly unlikely that the present magnitude 
of support from other sources will con- 
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tinue indefinitely, and two, the processes 
of self-development, adaptation to in- 
dividual needs, and self-appraisal are ex- 
tremely vital in curriculum improvement. 


Questions basic to setting up 
a special public school program 


A public school system which is con- 
cerned with the development and imple- 
mentation of curriculum materials must 
assume that this venture will be both ex- 
pensive and time consuming. Further- 
more, several basic questions must be 
answered. Six of these questions follow. 
1. What are the initial steps in such a 

program? 

2. How and by whom should the new 
materials be prepared? 

3. What is the best solution to an orienta- 
tion of the teachers to the new ma- 
terials? 

4. How are pupils to be screened for the 
program? 

5. What procedures are to be used in pre- 
senting these new materials to children? 

6. What are the steps to be taken in re- 
gard to public relations? 


These six questions have been answered 
in part by the efforts of the public schools 
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of Newton, Massachusetts, in the devel- 
opment during the past two years of a 
special program for the more able pupils 
in grades four, five, and six, in a program 
which has been labeled ‘Arithmetic for 
the Academically Talented” (ATA). 

The initial steps taken in this program 
involved a special committee formed in 
the fall of 1958 whose purpose was to ex- 
plore the needs of the more able pupils in 
grades four, five, and six, and to make 
recommendations regarding the meeting 
of these needs. This committee recom- 
mended that the curriculum area of 
arithmetic should be examined with a 
view toward a special program for tal- 
ented pupils. Consequently, a workshop 
group of twenty-two teachers and prin- 
cipals from ten elementary schools held a 
series of eight meetings, the last six under 
the leadership of an arithmetic consultant. 
The utilization of group-process tech- 
niques in both the committee and the 
workshop proved to be valuable in setting 
the tone for further development of this 
special program. 


The development of new materials 
and workshop programs 


Curriculum materials were developed 
by three members of the workshop group: 
two sixth-grade teachers and the arith- 
metic consultant. These three persons 
worked for two summers in the develop- 
ment of units of work in six areas of arith- 
metic instruction: 


Historical development of numbers 
Laws of numbers 

Measurement 

Other scales of notation 

Primes and factors 

An introduction to sets. 


Units in the first four areas were de- 
veloped during the summer of 1959 and 
were used in the classrooms in 1959-1960. 
The remaining units were developed in the 
summer of 1960. In addition to these units, 
many materials for both teachers and 
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pupils have been obtained. Among these 
are professional books for teachers, sub- 
scriptions to THE ARITHMETIC TEACHER, 
enrichment books and pamphlets, films 
and filmstrips, number frames and abaci, 
and measurement equipment. 

The mathematics background of ele- 
mentary-school teachers is very impor- 
tant. This prerequisite to teaching arith- 
metic is of even greater importance in a 
special program of enrichment for tal- 
ented pupils. Consequently, teacher work- 
shops have been conducted with all of the 
teachers prior to their work with children. 
At the present time, five workshops for 
teachers in the ATA program have been 
conducted over a two-year period. These 
workshops have been under the direction 
of an arithmetic consultant; they have 
been given in the public schools, and the 
participating teachers received one in- 
service credit. The workshop sessions have 
been devoted to teacher orientation to the 
new materials and to discussion of tech- 
niques for screening the pupils and ad- 
ministration of the program. The mini- 
mum time devoted to each workshop has 
been fifteen hours, spread over a series of 
ten weekly or biweekly sessions. 

A great deal of care is employed in the 
screening of pupils for the program. Five 
screening criteria are used and equal em- 
phasis is given to each. These criteria are: 
1. Intelligence quotient 
2. Achievement test score 
3. Score on a noncomputational arith- 

metic test 
4. Classroom progress in arithmetic 
5. Observation check list filled out by the 

classroom teacher on twelve charac- 
teristics indicative of talent in the area 
of arithmetic. 


It is the judgment of both teachers and 
principals that the use of these five cri- 
teria has been effective in screening chil- 
dren for the program. In many cases, the 
arithmetic consultant has assisted teachers 
and principals in making final decisions 
regarding the selection of the pupils. 


The Arithmetic Teacher 


Putting the program into effect 


The work with children has been initi- 
ated in each school after the teacher has 
finished the workshop and the children 
have been selected. In some schools, the 
teachers have handled the work on a self- 
contained classroom basis with the tal- 
ented pupils forming their top arithmetic 
group. In other schools, the pupils from 
more than one classroom have _ been 
grouped on a departmentalized basis. 
Both procedures have been received with 
enthusiasm by teachers and principals. 
Whether one plan is better than the other 
for a particular school depends to a large 
extent upon such factors as preparation 
of teachers, number of classrooms per 
grade, number of talented pupils, and the 
general administrative arrangement. The 
arithmetic consultant through confer- 
ences, classroom visits, and demonstra- 
tion teaching, has assisted with the im- 
plementation of the program in the class- 
rooms. 


The program has been initiated in the 


elementary schools without the fanfare of 
extensive publicity. As questions have 
arisen, they have been answered both in 
conferences and in explanations of the 
program at PTA meetings. Also, articles 
summarizing the program have _ been 
published in the PTA newsletter and the 
annual school report. It is felt that these 
steps in public relations have been ade- 
quate. The program has been well re- 
ceived by teachers, pupils, and parents. 
Beginning with the initial workshop 
group of representative teachers from ten 
elementary schools, the program has ex- 
panded, first to other grades in the ten 
schools and subsequently to the remain- 
ing elementary schools. The incidence of 
talented pupils is higher in some schools 
than in others; however, one or more 
teachers in each of the twenty-five ele- 
mentary schools in Newton are now par- 
ticipating in the program. Quantities of 
pupil materials and teacher guides have 
been printed, and it is expected that the 
program will continue to grow as a basic 
part of arithmetic instruction in Newton. 


Experiments 
in mathematics 


The Board of Directors of the National 
Council of Teachers of Mathematics ap- 
pointed a committee to gather information 
and to analyze experimental mathematics 
programs. This committee would like your 
help in identifying such programs. It has 
limited its analysis to programs that (1) 
have printed instructional materials other 
than courses of study, (2) are of at least 
one semester in duration, and (3) are not 
sponsored by a commercial publishing 
firm. The committee will examine all ma- 
terial, ask the experimenter to make a 
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short personal report, and publish as many 
of the reports as possible. 

If you know of experimental programs 
or have one of your own, we would ap- 
preciate receiving your material or having 
you contact the chairman, whose address 
is: 

Puitip Peak, Chairman 
Committee on the Analysis 
of Experimental Programs 
School of Education 

Indiana University 
Bloomington, Indiana 
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Reviews | Clarence Ethel Hardgrove 


Books and materials 


Magic House of Numbers, Irving Adler. 
New York: The John Day Company, 
1957. Cloth, 128 pp., $3.00. 

Numbers Old and New, Irving and Ruth 
Adler. New York: The John Day Com- 
pany, 1960. Cloth, 48 pp., $2.00. 


The author points out that numbers are 
tools with which we work. He also claims 
that numbers are toys with which we can 
play. He then proceeds to show what he 
means by the latter statement as he chal- 
lenges the reader with number puzzles, 
games, curiosities, and a few card tricks 
of the mathematical type. But the purpose 
of the books is not just to amuse and 
challenge. The materials are chosen to 
help develop a meaningful background in 
mathematics. 

Looking first at Magic House of Num- 
bers, we note that the reader is introduced 
to “patterns” or “steps” within number 
sequences. The search for these patterns 
sets the mood for the other creative ac- 
tivities to follow. Considerable time is 
spent discussing numeration systems to 
bases ten, eight, twelve, and two. The 
binary system is then used to explain such 
games as Nim, Tower of Hanoi, and 
Chinese rings, as well as the flip-flop cir- 
cuits of modern electronic computers. 
Short, challenging puzzles, some with 
numbers and some without numbers, are 
well chosen for interest and worthwhile- 
ness in terms of quantitative thinking. 
Answers are grouped together at the end. 

The Magic House of Numbers can be used 
individually or in groups with those who 
have a good background in arithmetic. A 
teacher will appreciate the explanations 
of such practices as “casting out 9’s’’ and 
the use of different number bases. The 
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symbolism is simple and most of the ex- 
planations are followed easily. The simple 
diagrams add interest and meaning. 

Numbers Old and New is a little book 
perhaps for pupils below the seventh 
grade. It gives a taste of many of the 
ideas found in Magic House of Numbers. 
Some topics included are numeration sys- 
tems; number lore as developed by the 
Greeks, including such types of numbers 
as triangle, square, perfect, odd, and even 
numbers; different algorisms that have 
been used for multiplication; and number 
tricks. 

The presentation is straightforward. 
The definitions of ideas are given with il- 
lustrations to clarify the meaning. The 
accompanying drawings are well chosen 
and attractive. The materials in this book 
will add greatly to the enjoyment and un- 
derstanding of the background of arith- 
metic. This presentation is not as chal- 
lenging to the reader as is that in the 
Magic House of Numbers. 

The authors have carefully selected 
historical materials to help pupils under- 
stand the arithmetic they use. Old puzzles 
have sometimes been clothed in new set- 
tings to lend more interest. Care has been 
taken to present correct mathematical in- 
formation. 

The authors are to be commended on 
the preparation of these timely books as 
an aid in upgrading the interest and 
achievement in mathematics. 

FRANCIS R. BROWN 
Illinois State Normal University 
Normal, Illinois 


Using the Language of Algebra in Arith- 


metic, William H. Glenn, William G. 
Mehl, Dean S. Rasmussen. 847 North 


The Arithmetic Teacher 


= 


E. Street, San Bernardino, California: 
Franklin Teaching Aids, Inc., 1960. 
Paper, pupil edition, 119 pp., $2.00; 
teacher edition, 59 pp., $2.00. 


As the authors imply in the title, this 
publication provides material which intro- 
duces the language of algebra into arith- 
metic. The twenty-two lessons presented 
are designed to be used as supplemental 
to a regular text. While they are primarily 
for use on the seventh- and eighth-grade 
level, the authors also indicate that ad- 
vanced fifth- and sixth-graders may wish 
to make use of the material. To the re- 
viewer, a third use occurs: perhaps ninth- 
grade teachers might use these lessons to 
supplement work either in algebra or gen- 
eral mathematics. 

The preface in the Teacher’s Edition 
expresses the general purpose of the lessons 
and the plan for accomplishing this pur- 
pose: “The purpose of this material is to 
develop the means by which mathematical 
relationships can be expressed in very 
simple mathematical form. The combina- 
tion of number symbols and operation 
symbols forms the structure through 
which this is accomplished. The result is 
referred to as ‘the language of algebra,’ 
since each mathematical expression repre- 
sents a set of directions or a mathematical 
sentence. An understanding of this struc- 
ture causes mathematics to become a 
powerful and useful tool to express ideas.” 

Lessons include operations with posi- 
tive integers, fractions, and mixed num- 
bers. The usual symbols of operation are 
used, including the parentheses, the bar, 
brackets, and braces. Attention is given 
to order of operations. One lesson is en- 
titled ‘“‘Numbers Have Many Names.”’ 
Writing mathematical sentences in hori- 
zontal form is stressed. Ratio is presented 
as a comparison by division, proportion as 
two equal ratios, and percentage in terms 
of a proportion. Parenthetical expressions 
and their applications in formulas make 
up three lessons. Exponents, powers, fac- 
tors, prime factors, and divisibility are in- 
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cluded. One lesson is presented on the 
“ten-ness of our number system.” The 
last lesson is a matching test covering the 
ideas which have been considered in the 
first twenty-one lessons. 

The authors state that ‘each lesson 
should be looked upon as a means of de- 
veloping greater facility in the use of 
mathematical symbolism.” ‘‘Word prob- 
lems,” they say, “then can be analyzed 
and solved by first writing the solution in 
indicated operation form.’ To develop 
this facility, each lesson in the Pupil 
Edition presents several examples, and 
their solutions, illustrating the particular 
objective of the lesson and the method to 
be used. Following these statements, prac- 
tice material is provided. Pages are per- 
forated for easy tearing out if the teacher 
wishes to use only particular pages. 

Leafing through the Pupil Edition, the 
reviewer gets the feeling that this is a drill 
book in which the children merely follow 
the mechanical motions indicated by il- 
lustrations. And it could be used in just 
this way. However, if oral discussion is 
conducted (as the Teacher Edition directs) 
children can be guided into understanding 
and into discovering for themselves many 
of the properties of mathematics. 

For the teacher who is unaccustomed 
to having children use (consciously) the 
commutative and associative properties of 
addition and multiplication, and identity 
elements in addition and multiplication, 
comment in the Teacher Edition for 
Lesson I will provide a source of security. 
Answers are written out in detail for all 
lessons; these too will bolster the mathe- 
matical morale of the teacher who has 
felt somewhat inadequate with respect to 
symbolism and the expression of ideas. 

The reviewer feels that many teachers 
in grades five through eight will welcome 
this publication as a source through which 
they may extend the mathematics pre- 
sented in the usual arithmetic text. 

ELINOR B. FLAGG 
Illinois State Normal University 
Normal, Illinois 
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Books received 


Exploring Mathematics on Your Own, series of 
seven pamphlets with five in preparation, 
Donovan A. Johnson and William H. Glenn. 
St. Louis: Webster Publishing Company, 
1960. Set of seven, $4.00. (Pamphlet titles: 
Sets, Sentences, and Operations; The Pythago- 
rean Theorem; Topology; Understanding Nu- 
meration Systems; Fun with Mathematics; 
Number Patterns; Invitation to Mathematics.) 

My Number Friends, Pupils and Teachers Edi- 
tions for Grades 1 and 2, Ruth L. Cole and 
Harry Karstens. Chicago: Lyons and Carna- 


han, 1959. Grade 1, 128 pp. $.96. Grade 2, 160 
pp., $1.20. 


Ready to Begin Numbers, Pupils’ Book 1 and 
Book 2, Elda L. Merton and Leo J. Brueckner. 
Philadelphia: The John C. Winston Co., 1960. 
160 pp. each, $1.04. 


Seeing Through Arithmetic Tests for Grades 3, 4, 
5, and 6. Maurice L. Hartung, Henry Van 
Engen, E. Glenadine Gibb, and Lois Knowles. 
Chicago: Scott, Foresman and Company, 
1960. Specimen set, $1.00. 


Professional dates 


The information below gives the name, 
date, and place of meeting with the name 
and address of the person to whom you 
may write for further information. For 
information about other meetings, see 
the previous issues of THE ARITHMETIC 
Teacuer. Announcements for publication 
should be sent at least ten weeks early to 
the Executive Secretary, National Council 
of Teachers of Mathematics, 1201 Six- 
teenth Street, N.W., Washington 6, D.C. 


NCTM convention dates 
Thirty-ninth Annual Meeting 


April 5-8, 1961 

Conrad Hilton Hotel, Chicago, Illinois 

Hobert Sistler, Morton High School West, 
2400 Home Avenue, Berwyn, IIlinois 


Joint Meeting with NEA 

June 28, 1961 

Atlantic City, New Jersey 

M. H. Ahrendt, 1201 Sixteenth Street, 
N.W., Washington 6, D.C. 


Twenty-first Summer Meeting 


August 21-23, 1961 

University of Toronto, Toronto, Canada 

Father John C. Egsgard, St. Michael’s 
College School, 1515 Bathurst Street, 
Toronto 10, Canada 
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Sectional meetings of the 
Illinois Council of Teachers 
of Mathematics 


There will be six sectional meetings of 
the Illinois Council of Teachers of Mathe- 
maties in March and April, 1961. Themes 
of these meetings include: “Function of 
Modern Mathematics,” “Meeting Today’s 
Challenges in Mathematics,” and “Recent 
Developments in Teaching of Mathe- 
matics.”’ These meetings are specifically 
designed for teachers at the elementary, 
secondary, and college levels. The dates, 
places, and chairmen of the meetings are: 
March 25: Monticello College, Godfrey, 

Ill.; Evelyn Trennt 
April 1: Southern Illinois University, Car- 

bondale; W. C. McDaniel 


April 14: Eastern Illinois University, 
Charleston; Alphonso DePietro 
April 15: Western Illinois University, 


Macomb; Jerry Shyrock 
April 22: Illinois State Normal University, 

Normal; Hal Gilmore 
April 29: Sterling Township High School, 

Sterling; Charles E. Schulz and Chester 

Sherman 

For detailed information please write to 
the chairman of the specific meeting. 

For general information, write to: T. E. 
Rine, Chairman of Public Relations, 
Illinois Council of Teachers of Mathe- 
matics, Illinois State Normal University, 
Normal, Illinois 


The Arithmetic Teacher 


ANALYZING 
PROBLEMS 


“Whenever an intelligent person begins the 
study of a new subject, he quite naturally 
asks: ‘What will I learn from this subject? 
What good will it do me?’ This course will 
be worthwhile because in it you will learn 
how to solve the kinds of problems that arise 
in actual day-by-day living. 


**Whether you work in an office, a factory, or 
a store, on a farm or at home, situations will 
arise in which a knowledge of budgeting, 
installment buying, insurance, and banking 
will be of value to you. You will also need to 
know how to plan trips and compute their 
cost, how to make the best use of the differ- 
ent methods of travel and means of com- 
munication. 


“Solving the problems of everyday life is 
more than a matter of luck. Certain specific 
skills are required. You must be able to 
decide what you are looking for, what facts 
you have with which to work, and what 
computations you must make. You should be 
able to estimate the answer, so that you will 
have a general idea of what to expect.” 


From the introduction (quoted above) to 
the last page of Making Mathematics Work, 
this general mathematics text emphasizes the 
practical application of mathematics to the 
daily life of the high school student. A care- 
fully worked-out program includes more 
than 4,000 exercises and problems, with re- 
view tests at the end of each chapter and 
periodic check-up tests on computation. 


MAKING MATHEMATICS WORK 
NELSON-GRIME 


A General Mathematics Text 
for High Schools 


HOUGHTON MIFFLIN CO. 


Sales Offices: New York 16 = Atlanta 5 
Geneva, Ill. Dalas1 Palo Alto 


MR. ARITHMETIC RECORDS 


Now Available on 


EXTENDED 
49 PLAY 


IN SEPARATE JACKETS 
with VISUAL TACTILE CHARTS 


Nationally classroom tested and used for over 
10 years, the new 45 EP records (each equiva- 
lent to two of the former 78 RPM records) make 
Mr. Arithmetic more compact and easier to use 
than ever. 


Multiplication 


1-144 
Division 0-81 
Percentage a 
1%-100% 


Send for set of 5 records, $10 
or order individually, $2 each 
TUTOR, Inc., RECORDS - Dept. M 
P.O. Box 327, Bronxville, N. Y. 


THE SUPERVISOR 
OF MATHEMATICS 


HIS ROLE IN THE IMPROVEMENT OF 
MATHEMATICS INSTRUCTION 


By VERYL SCHULT and others 


Discusses selection of, responsibilities 
of, and the relationship to the classroom 
teacher of the mathematics supervisor. 


IO pages 
15¢ each; 10 or more copies, 10¢ each 


National Council of 
Teachers of Mathematics 


1201 Sixteenth Street, N. W. 
Washington 6, D. C. 


Please mention the ARITHMETIC TEACHER when answering advertisements 


| 
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Developing understanding of the number 
system is the key to mastering arithmetic. 
This understanding is the basis of 


THE ROW-PETERSON ARITHMETIC PROGRAM 


SECOND EDITION Primer through Grade 8 


From simple addition to complex fractions, the pupil proceeds logically, 
step by step, developing self-reliance and competence in number thinking. 
Impetus is given to problem solving, everyday uses of arithmetic, and the 
presentation of new concepts. Every book contains intensive drill, practice, 
and maintenance. For every book there is a Teacher’s Edition that is easy 
to handle, practical to use. 


ROW, PETERSON AND COMPANY 


Evanston, Illinois Elmsford, New York 


What Does CUISENAIRE Mean? 


Do you want to improve your arithmetic teaching? 
Do you want to keep up with the latest techniques? 
Do you want to ENJOY teaching arithmetic? 


IF SO ... write for free illustrated information about the Cuisenaire* 
rods and their uses. (A post card will do). 


CUISENAIRE COMPANY OF AMERICA, INc. 


235 East 50th Street, New York 22, New York 
Telephone: PLaza 2-4033 


* Trade Mark 


Please mention the ARITHMETIC TEACHER when answering advertisements 


gee 


FILMSTRIP AND SLIDE 


22242 RIGHTER 
--------- 
SIMPLER 
22424 


No Filmstrip 
“am, Sticking! 


Doubles 
Effective Light! 


Student interest perks again and again 
—frame after frame—as you teach 
easier, faster with the brighter, 
sharper virtually “Automated” View- 
lex V-25-P. It's the simplest to use, 
most advanced combination 35mm 
filmstrip and 2” x 2” slide projector 
made. And—revolutionary new “Anti- 
Hesive””’ aperture plates eliminate 
filmstrip sticking forever! 
WRITE for FREE Booklet of Award 
Winning Essays on “How Audio Vis- 
ual Aids Make Teaching and Learn- 
ing Easier” and Viewlex Catalog. 


Wiewtex INC 


15 BROADWAY, HOLBROOK, L.I., N.Y. 


IN CANADA—Anglophoto Ltd., Montreal 


Please mention the ARITHMETIC TEACHER when answering advertisements 


How Good is Your 
ARITHMETIC? 


Can YOU do the ro problems 
shown below MENTALLY ? 


468 X 25 
792 X 61 
1624 X 246 
87 X 93 
125 X 72 
37¥2 X 440 
143 X 56 
989 X 993 
713 X 687 
11k, xX 11% 


These and hundreds of similar problems 
will present no difficulties to your grad- 
uating 8th graders and Junior High stu- 
dents, once they have read and absorbed 


MATH SHORTCUTS 
Arithmetic the Quick and Easy Way. 
by Ernst F. Bass 

This 112 page book explains in clear 
& systematic fashion many shortcut 
METHODS which EVERYONE should 
know. Here, in one inexpensive volume, 
you will find a wealth of tried and prac- 
tical ideas, making full use of THE 
DECIMAL SYSTEM. $2.00 postpaid 


if you remit with your order to 


MATH SHORTCUTS 
4043 N. E. 28th Ave. 
Portland 12, Oregon 


Quantity discounts. Brochure and 
price list on request. 


Wiewlex 
V-25-P 


more and more teachers prefer... 


THE NEW WINSTON 


Leo J. Brueckner 


Now includes a standard and an extended program 


by 


@ Now complete through grade 6, the extended program 
serves as a bridge to the study of higher mathematics 
and challenges those who excel, to work at the level 
which will provide maximum growth in arithmetic. The 
new 7th and 8th grade books will be ready early 
in 1962. Write now for preview booklets showing 
sample pages. 


Every book in THE NEW WINSTON ARITHMETICS 
series... 


@ Combines content with method to make 
teaching and learning arithmetic a more 
pleasant experience 


@ Is supplemented by a Teachers Edition that not only 
produce the pupil's pages in full color 
but also provide answers, teaching sugges- 
tions and enrichment materials 


THE JOHN C. WINSTON CO. 


a division of 


HOLT, RINEHART ano WINSTON, inc. 


1010 Arch Street Philadelphia 7, Pa. 


Please mention the AkITHMETIC TEACHER when answering advertisements 
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INSTRUCTION 
ARITHMETIC 


25th Yearbook of the 
NCTM 


Clarifies and develops ideas presented in the 10th and 16th NCTM yearbooks. 


A must for your professional library. 


Presents: 
The cultural value, nature, and structure of arithmetic. 
Factors affecting learning in arithmetic. 
Modern mathematics and its impact on arithmetic. 
The training of teachers of arithmetic. 
Summary of investigations and research. 
CONTENTS 
Ll. Introduction 8. Mental Hygiene and Arithmetic 
2. Arithmetic in Today's Culture 9. Reading in Arithmetic 
3. Structuring Arithmetic 10. Instructional Materials 
4. Guiding the Learner to Discover and 11. Definitions in Arithmetic 
Generalize 12. Modern Mathematics and School 
5. Arithmetic in Kindergarten and Grades Arithmetic 
Land 2 13. Background Mathematics for Elemen- 
6. Individual Differences tary teachers 
7. Guidance and Counseling 14. Selected Annotated Bibliography 


374 pp. $4.50 ($3.50 to members of the Council) 


Postpaid if you send remittance with order. 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


Please mention the ARITHMETIC TEACHER when answering advertisements 


to pupils for 


TEACHING AIDS 
D-STIX CONSTRUCTION KITS 
D-Stix clarify geometric figures for the young by 
ensions. 


8”, 5”, 
$5.00 Postpaid 
452 pieces, ail items in 70,210 above plus long unpainted 


ANALOG 
COMPUTER KIT 


Ideal introduction to the ly 

important electronic computer field. For 
bright students, or anyone interested in this new science. Demon- 
strates basic apalog compuiing principles—can be used for multi- 
viieation, division, powers, roots, log operations, trig problems, 
physics formulae, electricity and magnetism problems. Easily as- 
sembled with screwdriver and pliers. Operates on 2 flashlight bat- 
teries. Electric meter and 3 potentiometers are mounted on die- 
cut box. Answer is indicated on dial. Computer is 20” long, ® 
wide, 2” deep. 
Stork Ne 76.341-DJ 


$14.95 postpaid 


SPACE RINGS... 
The Floating Mobile! 


Stock No. 70,285-DJ Postpaid 


ABACUS 


cluded with every abacus. 


No, 70,201-DJ ...... 


ABACUS KIT—MAKE YOUR OWN! 


your own Abacus is a wonderful project for any math 
s. of math aud, or as ap enrichment unit. Our kit gives you 
cvanters, directions for making your own Abacus and direc- 

our Abacns.— Makes ope Abacus. 
-DJ—Makee 1 Abacus $ x 30 Postpaid 

For 1,000 counters and one set of directions, “makes 1 Abacuses-- 
Abacuses ....... “$11.80 Postpaid 


‘uses 
Ods ......+++.8 6.90 Postpaid 
ter Abacusee— 


.25 ea. Postpaid 


6.00 Postpaid 


NEW! CIRCULAR SLIDE RULE: 


Pocket Size—Fast—Easy to Use! 
Be a Math Whis! New Cucufas Slide Rule 
figures fractions 


and 
with plastic indicator. 3%" 
Stock No. 88,836-DI $4.95 Postpaid 


ORDER BY STOCK NUMBER 


- SEND CHECK OR MONEY ORDER. 


WORLD-TIME INSTRUCTIVE 


Why do we have differences in time occ 

simultaneously at different points around 
the world? Why must we have an inter- 
national date line to adjust these differ- 
ences? Teachers who have found their classes 
have difficulty understanding the answers 
to these questions will discover that the 
WORLD-TIME INSTRUCTIVE is a valu- 
able teaching device. The logic of world 
time is made visual and lucid even to the 
slower student when a demonstration is 
given with this new instructive. The impact 
is much greater than when only a globe 
is used for the explanation. Printed on dura- 

ble laminated sheets that can be easily wiped clean. 


3- Dd DESIGN WITH SPACE SPIDER 


i Create 8-dimensiona! colored designs that 
“float in space’’ simply by weaving fluores- 
cent strands between different planes of 
“shadow box." Design abstractions, plane 
and solid geometrical figures. For home 
decoration or educational use. Kit contains 
3 Diack notched wood panels (the back 
ground), each 6%” sq., 3 reels fluorescent 
black clips, needle, instruction 
et. 


Stock No 170,278-DJ -$2.95 postpald 


Offspring of Science . . . REALLY BEAUTIFUL! 
CIPCULAR DIFFRACTION-GRATING 


JEWELRY—1” DIAMETER 
A Dazzling Rainbow of Color! 


This new kind of jewelry is capturing atten 
tion everywhere. Shimmering rainbows of gem 
like color in jewelry of exquisite beauty—made 
with CIRCULAR DIFFRACTION GRATING 
REPLICA. Just as a prism breaks up light 
into its full range of individual oviors, so does 
he diffraction grating 
Stock No. 80,349-DJ—Barrings $2.75 Postpaid 
Stock No. 30,850-DJ—Cuff Links $2.75 Postpaid 
Stook No. 30,372-0J—Penuant ....... $2.75 Postpaid 
Stock No. 80,390-UJ—Tie-Clasp $2.75 Postpaid 


NEW! GRAPH RUBBER STAMP 


Real time and labor saver for math teachers. If 
your tests require graph backgrounds—no need to 
sttach separate sheets of graph paper and worry 
about keeping them atraight. Simply stamp « 
graph pattern, 3” square as needed on each pa 
per. Grading graph problems then beoomes 100% 
easier. Stampe are 3” square overall—?2 different 
patterns 


Sock No. 50,255-DJ (100 Dilocks) 
Srock No. 50,359-DJ 


$3.00 Postpaid 
$3.00 Postpaid 


Graph Stamp—3” Diam 


Polar Coordinate 
Stock No. 50,351-DJ (16 blocks) . $3.00 Postpaid 


NEW! JUST OFF PRESS! Write for 
FREE EDUCATIONAL CATALOG—'"'DJ"’ 


96 Pages .. . New, Useful Instructives 


Dozens of new devices for teaching mathematics, science, astron- 
omy, physics, etc. Scores of new kits and materials for Science 
Fair and other science projects! That’s what you'll find in Ed- 
mund’s new 96-page Educational Catalog for 1961. It’s literally 
packed with new and exclusive math-and-science concepts de- 

veloped by Edmund Scientific Co. and now available to schools 

for the first time. 
Look at the partia) listing of its fascinating contents: low-cost 
models for teaching basic mechanical and physical principles; 
actual! working models of communication devices that can be set 
up, taken apart, and reassembled by students; a whole line of 
new science kits to spark science projects requiring rea! thought 
and initiative on the student’s part; instruments and materials 
for such diversified activities as soil testing, spect , end 
harnessing solar energy. These and many more stimula’ new 
instructives make this unique science materials catalog essential 
to forward-looking teachers on al! grade levels. 

Edmund’s well known values in acience equipment—telescopes, 
, optical materials, and many other school require- 
also L in this Catalog. For standard values 

today. 


write for Edmund’s 1961 Educational 
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We 
o pegs Math section to promote outside interest and activity. 
Ww our ads for new Math items. We will appreciate your 
recommending us HEN learning aids, books, etc. 
oe They make recognition and understanding fun. 
They can also be used for showing molecular 
Ser structures in science classes, concepts of ele- 
mentary science and physics, These modern con- 
047; struction kits are far superior to older style wood 
or metal construction kits. 
—= 220 pieces, 5, 6 and 8 sleeve connectors, 2”, 8”, | i» a 
Ce) 
gE: class to teach piace value and 
piace frame. it is of our own 
Bs long. It is made of a beautiful wal- 
out wood, with 6 rows of 10 count- 
» ake De 
Stock No. 5@,284-DJ—100 Brass R 
INSTRUCTION BOOKLET for 10 
centages, squares, cubes, roots, propor- 
tions, circumferences, areas, retail prices, 
ain fuel consumption. Eliminates the con- i 
fusions of ordinary slide-rules. Priced far 
Please mention the Agrrnmetic TracHer when answering advertisements 


